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of  collected  investigations  and  brings  from  them  a  tangible  order  and 
scheme.     And  upon  such  a  service  rests  the  great  reputation  of  Ziegler's 

text-book. 

Aldsed  Scjott  Wakthin. 

Ann  Arbor,  Michigan,  September,  1908. 
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to  reduce  slightly  some  of  the  illustrations.  In  such  cases  the  magniflcation  or  ampli- 
fication has  been  changed  to  meet  the  amount  of  reduction. 
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GENERAL   PATHOLOGY. 


INTRODUCTION. 

The  life  of  an  orgaiiism  is  revealed  only  through  its  vital  manifesta- 
tions and  activities.  Physiology*  the  science  of  the  normal  or  healthy 
life,  teaches  us  concerning  these  activities.  At  the  same  time  it  shows 
us  that  the  vital  functions  are  performed  according  to  definite  laws  hav- 
ing their  foundation  in  the  structure  of  the  organism.  Changes  in  this 
organic  structure,  manifesting  themselves  in  vital  phenomena  differing  from 
thone  regarded  a>s  normal^  form  the  material  basis  of  disease  or  abnor. 
mal  life.  The  return  to  the  normal  condition  is  regarded  as  the  sign  of 
recovery  or  healing. 

A  permanent  cessation  of  all  vital  functions  leads  to  death.  Tem- 
porary interruptions  of  the  vital  activities  without  the  loss  of  the  possi- 
bility of  a  return  to  the  normal  state  may  be  seen  in  the  condition  of 
apparent  death  or  in  congelation,  which  may  be  followed  either  by  death 
or  by  a  return  to  life  (anabiosis). 

When  there  are  present  pathological  changes  in  the  tissues,  arising 
either  before  the  appearance  of  pathological  symptoms  or  persisting  after 
their  cessation,  so  that  at  any  time  a  new  outbreak  of  the  latter  may  take 
place,  the  disease  is  spoken  of  as  latent. 

The  entire  science  of  disease  is  embraced  by  Pathology.  As  its  first 
task  there  falls  to  it  the  determination  of  the  causes  and  origin  of  pathologi- 
cal processes^  these  two  divisions  constituting  etiology  and  pathogenesis. 
A  second  task  lies  in  the  investigation  of  the  anatomical  changes  under- 
lying the  pathological  alterations  of  function;  and  the  branch  of  the 
science  to  which  this  field  is  assigned  is  known  as  pathological  anatomy 
or  anatomical  pathology.  Since  the  structure  and  finer  organization  of 
the  different  tissues  vary  according  to  their  functions,  and  as  we  cannot 
conceive  of  vital  manifestations  without  a  material  substratum  for  them, 
it  is  reasonable  to  assume  that  pathological  manifestations  of  life  must 
likewise  be  the  expression  of  material  changes  in  the  tissues  concerned. 
Moreover,  experience  has  taught  us  that  in  the  case  of  any  pathological 
alteration  of  function  of  any  tissue  or  organ,  there  may  be  demonstrated 
in  the  latter  changes  of  structure,  in  part  even  macroscopically,  while  at 
other  times  they  can  be  made  out  only  with  the  aid  of  the  microscope 
and  by  means  of  especial  histological  methods  of  investigation. 

A  third  field  of  labor  belonging  to  pathology  is  concerned  with  the 
observation  and  interpretation  of  the  symptoms  of  disease  as  seen  in  the  patient, 
and  this  branch  of  general  pathology  is  designated  clinical  pathology, 
pathological  physiology,  physiological  or  biological  pathology.  Its  facts 
are  ascertained  in  part  by  simple  observation  and  examination  of  the  pa- 
tient, and  in  part  through  the  utilization  of  especial  physical  and  chemical 
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'  tiiathbd8.Qf  e^RixfinatioD.  A  successful  application  of  the  results  obtained 
by  the  methods  of  clinical  or  biological  pathology  requires  in  the  first 
place  a  knowledge  of  the  pathological-anatomical  changes  present,  as 
well  as  of  their  etiology  and  pathogenesis.  As  a  further  help  to  the  in- 
terpretation of  disease  a  knowledge  of  the  chemteal processes  taking  place 
in  the  living  organism  under  the  influence  of  the  vital  activity  of  the 
cells  and  the  unformed  ferments  separable  from  them  is  essential.  This 
knowledge  is  specialized  in  the  science  of  pathological  chemistry  or 
chemical  pathology.  In  conjunction  with  anatomical  pathology  this 
field  of  pathology  offers  the  possibility  of  a  complete  understanding  of 
the  origin  and  course  of  pathological  processes,  as  well  as  of  their  nature 
and  significance. 

The  extensive  and  many-sided  domain  of  Pathology  demands  its 
practical  division  into  various  branches  according  to  especial  points  of 
view.  A  knowledge  of  (Mnical  paihology  is  best  gained  at  the  bedside  or 
in  the  clinic,  and  from  especial  courses,  lectures,  and  text-books.  Like- 
wise chemical  pathology  demands  an  especial  theoretical  and  practical 
training.  In  this  text-book  General  Pathology  will  be  considered  as 
including  etiology*  pathogenesis*  and  pathological  anatomy.  Chemi- 
cal Faihology  will  be  touched  upon  only  in  so  far  as  is  necessary 
to  the  understanding  of  the  anatomical  changes  occurring  in  diseased 
organs. 

The  first  part  of  the  work.  General  Anatomical  Pathology,  coucerns 
itself  with  the  causes,  origin,  nature,  and  course  of  disease-processes 
without  reference  to  the  individual  clinical  forms  of  disease.  lu  the 
second  part,  Special  Anatomical  Pathology,  the  pathological  processes 
occurring  in  the  individual  organs  and  tissues  are  considered  with  especial 
reference  to  the  anatomical  and  histological  changes  occurring  in  them. 
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CHAPTER  I. 

The  Extrinsic  Causes  and  tlie  Consenital  Anlage  of 

Disease. 

L  The  Extrinsic  Causes  of  Disease. 

1.  Griffin  of  Diseam  throuffh  Deficient  Supply  of  Food  and  Oxygen,  ikraagh 
Fatigue  J  Heat  and  Cold,  Chanffes  of  Atmospheric  Pressure^  and  Electrical 
Infltiences. 

§  1.  From  his  birth  to  his  death  man  is  constantly  exposed  to  the  in- 
fluences of  the  world  surrounding  him,  many  of  these  external  influences 
being  favorable  to  the  normal  exercise  of  his  functions,  while  others  are 
unfavorable. 

As  long  as  the  human  organism  is  able  to  offset  these  influences, 
through  independent  changes  of  its  relations  to  the  external  world  or 
through  adaptation  of  its  functions  to  external  conditions,  it  will  remain 
in  health.  If  his  regulating  mechanism  no  longer  suffices  for  successful 
opposition  to  unfavorable  external  influences,  and  if  he  cannot  escape 
these  or  change  his  conditions  of  life,  man  becomes  ill  or  dies. 

For  its  preservation  the  body  needs  first  of  all  a  certain  amount  of 
food,  water,  and  oxygen ;  and  though  it  may  exist  for  a  short  time  with- 
out these,  an  insufficient  supply  of  oxygen,  food  or  water  beyond  a 
certain  limit  and  after  a  certain  time  must  of  necessity  lead  to  disease 
or  death. 

i  A  total  deprivation  or  diminution  of  the  supply  of  oxygen  to  the 
tissues  may  take  place  at  any  period  of  life,  either  because  of  a  lack  of 
oxygen  in  the  surrounding  medium,  or  some  obstruction  to  the  entrance 
of  the  oxygen  of  the  air  into  the  lungs  or  blood,  or  inability  on  the  part 
of  the  blood  to  take  up  a  sufficient  amount  of  oxygen.  The  foetus  in 
utero  may  be  insufficiently  supplied  with  oxygen  as  a  result  of  diminished 
supply  to  the  mother,  premature  separation  of  the  placenta,  disease  of 
the  placenta,  or  compression  of  the  cord,  whereby  the  interchange  of 
gases  between  the  maternal  and  foetal  blood  is  hindered.  After  birth  an 
insufficient  supply  of  oxygen  may  be  due  to  hindrances  to  respiration, 
or  the  child  may  be  so  weak  that  its  respiratory  movements  are  insuffi- 
cient to  expand  the  lungs. 

When  the  supply  of  oxygen  is  completely  shut  off,  as  may  happen 
from  the  entrance  of  water  or  other  fluid  into  the  respiratory  tract  or 
from  closure  of  the  air-passages,  the  affected  individual  dies  in  a  very 
short  time  from  choking  or  suffocation.  Animals  confined  in  closed 
chambers  die  as  soon  as  the  oxygen  of  the  air  reaches  two  or  three  X)er 
cent  by  volume,  the  normal  volume  percentage  being  20.8  (CI.  Bernard, 
P.  Bert). 

If  the  supply  of  oxygen  is  not  wholly  shut  off,  but  only  greatly 
diminished,  as  in  the  case  of  carbon-monoxide  poisoning,  in  which  the 
firm  combination  of  carbon  monoxide  with  the  hsemoglobin  prevents  the 
taking  up  of  oxygen  by  the  red  blood-cells,  death  by  suffocation  may 
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take  place  only  after  several  days.  In  gradually  increasing  hindrances 
to  the  entrance  of  oxygen  and  resulting  accumulation  of  carbonic  acid 
in  the  blood,  as  in  cases  of  narrowing  of  the  lumen  of  the  larynx  through 
inflammatory  exudates,  compression  of  the  trachea  from  goitre,  weaken- 
ing or  obstruction  of  respiration,  etc.,  a  condition  of  breathlessness, 
cyanosis,  convulsions,  and  disturbailces  of  consciousness  is  produced, 
which  is  termed  asphyxia. 

K  the  taking  up  of  oxygen  is  diminished  in  only  a  slight  degree  but 
for  a  long  time,  as  in  the  case  of  a  lessened  number  of  red  blood-cells 
in  oligocythsBmia,  degenerative  processes  characterized  by  increased  de- 
struction of  albumin  and  by  fatty  changes  may  occur  in  the  tissues  and 
organs,  and  these  may  lead  not  only  to  disease  but  under  certain  condi- 
tions to  death. 

Total  deprivation  of  food  and  water  leads  to  a  rapid  loss  of  body- 
weight,  inasmuch  as  the  fat  and  albumin  continue  to  be  decomx)osed ; 
death  finally  ensues.  According  to  Lehmann,  Miiller,  Munk,  Senator, 
and  Zuntz,  the  total  amount  of  oxidation  in  cases  of  8tai*vation  does  not 
fall  below  that  of  the  same  individual  in  the  fasting  state  under  the 
same  conditions.  A  marked  decomposition  of  albumin  and  loss  of  water 
take  place.  In  animals  death  occurs  after  the  loss  of  about  forty  per  cent 
of  the  body-weighty  about  one-half  of  the  loss  being  due  to  the  waste  of 
muscle. 

The  fat  disappears  most  rapidly ;  eve?i  as  much  as  ninety-three  per 
cent  may  be  lost.  The  other  organs  showdiminution  of  substance  in.lbe 
following  order:  liver,  spleen,  testicles,  muscles,  blood,  intestines,  skin, 
kidneys,  and  lungs.  The  heart,  nervous  system,  and  bonefl.ahow  the 
least  loss  of  weight ;  but  destruction  oflwne-tissue  does  take  place  during 
starvation,  as  is  shown  by  the  increase  of  calcium  and  phosphoric  acid 
in  the  urine,  following  ingestion  of  water.  In  the  blood  there  is  a  rapid 
diminution  of  the  leucocytes  (Luciani) ;  the  red  blood-cells,  on  the  other 
hand,  may  be  relatively  increased  in  number.  The  organs  of  animals 
dying  from  starvation  show  simple  atrophy  of  the  tissue-elements,  par- 
ticularly of  the  liver  (Lukjanow),  hypersemia,  scattered  hemorrhages, 
degenerations,  and  inflammatory  changes,  especially  in  the  intestine, 
liver,  kidneys,  and  nervous  system. 

In  the  case  of  total  deprivation  of  food  and  water,  death  occurs  in 
man  after  from  seveh  to  twelve  days;  bodily  exercise  hastens  the  end, 
ingestion  of  water  may  delay  it  markedly,  so  that  some  individuals  have 
been  enabled  through  the  use  of  water  to  endure  a  i)eriod  of  total  absti- 
nence from  food  for.lbirty  days  or  longer,  without  dying  or  suffering 
permanent  harm.     The  consumption  of  water  leads  to  an  increased  ex- 

cretion  ofnitrOgftTi  in  th^  nrinp, 

Lite  may  be  maintained  for  a  long  time  upon  insufficient  nourish- 
ment, but  a  wasting  of  the  body  takes  place  which  may  lead  to  a  condi- 
tion of  extreme  emaciation,  tnarasnius,  or  cachexia^  and  finally  to  death. 
The  same  thing  happens  when  the  composition  of  the  food  is  unsuitable 
and  only  a  portion  of  the  necessary  food-elements  is  present  in  sufficient 
amount,  so  that  the  body  is  starved  either  in  albumin,  fat,  salts,  or 
water.  Dogs  deprived  of  all  nitrogenous  food  die  in  from  thirty-one 
to  thirty -four  days  (Magendie).  When  the  food  is  abundant  but  poor  in 
albumin,  there  occur  after  a  time  (in  dogs  after  six  weeks)  loss  of  appe- 
tite and  repugnance  toward  the  proffered  food,  with  impairment  of  diges- 
tion and  assimilation  (Munk).  ^Fhis  is  especially  the  case  when  the  food 
is  lacking  in  fat,  less  so  when  albumin  or  the  carbohydrates  are  wanting. 
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It  is  very  probable  that  the  lessened  absorption  is  chiefly  due  to  diminished 
secretion  of  the  digestive  juices,  this  being  capable  of  quantitative  de- 
monstration in  the  case  of  the  bile.  The  f»ces  are  finally  nearly  desti- 
tute of  bile. 

An  insufficient  supply  of  iron  for  a  long  period  gives  rise  to  ansemia 
and  general  disturbances  of  nutrition. 

If  for  experimental  purposes  an  animal  well  supplied  with  food  is  to- 
tally deprived  of  water,  there  is  a  rapid  loss  of  body-weight  followed 
in  from  eight  to  twelve  days  by  death.  The  pathological  changes  found 
in  the  different  organs  are  similar  to  those  resulting  from  starvation. 
They  are  caused  partly  by  lack  of  water  and  insufficient  absorption  of 
food,  and  partly  by  the  retention  of  hannf ul  products  of  metabolism. 

Oow'g  milk  has  a  very  small  iron-content.  According  to  FOrst,  milk  ash  contains 
0.68  per  cent  of  iron,  white  of  egg  0.57,  beef  0.7,  peas  0.88,  potatoes  1.18.  apples  l.i 
yolk  of  egg  1.65.  lentils  2.0.  plums  2.54.  rye  flour  2.54,  spinach  8.86,  lettuce  5.31, 
strawberries  6.89,  tea  9.29,  beef  blood  9.79  per  cent 
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§  2.  An  unusual  demand  upon  the  functional  activity  of  an  organ 
for  an  extended  period  of  time  leads  sooner  or  later  to  a  state  of  ex- 
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haustion,  which  is,  in  part,  due  to  the  consumption  of  cell-substance, 
and  in  part  to  the  formation  of  toxic  products  of  metabolism,  whereby 
the  organ  is  incapacitated  for  further  extended  activity.  Most  often 
the  results  of  overwork  are  manifested  in  tlie  muscles  and  nervous 
system  in  the  form  of  such  symptoms  as  soreness  and  stiffness  of  the 
muscles,  mental  excitement,  sleeplessness,  l^eavy  feeling  in  the  head,  loss 
of  appetite,  great  weakness,  unnatural  sweating,  and  sometimes  fever. 
Overwork  of  the  heart  leading  to  exhaustion  may  cause  death.  This  may 
occur  either  when  the  heart  is  for  a  short  time  taxed  to  the  extreme  limit 
of  its  power  or  when  for  a  longer  period  it  works  slightly  under  its 
maximum  capacity.  If  the  exhausted  tissues  are  permitted  to  rest  and 
supplied  with  an  abundance  of  nourishment,  the  loss  of  cell-material 
due  to  the  excessive  activity  will  be  replaced,  the  products  of  metabol- 
ism, which  are  hindering  the  functional  activity  of  the  tissue,  will  be 
removed,  and  the  part  restored  to  its  normal  condition. 

If  a  tissue  is  frequently  subjected  to  excessive  functional  demands, 
and  if  the  periods  of  rest  are  too  short,  to  admit  of  its  complete  restora- 
tion, there  will  result  ultimately  a  condition  of  permanent  functional  in- 
sufl&ciency,  a  chronic  exhaustion,  which  may  under  certain  circumstances 
manifest  itself  in  a  degeneration  or  atrophy  of  the  affected  organ.  For 
example,  a  muscle  through  overwork  may  become  atrophic,  and  a  brain 
too  constantly  stimulated  to  activity  without  proper  periods  of  rest  may 
finally  reach  such  a  state  of  weakness  and  exhaustion  that  it  is  incapable 
of  performing  even  its  normal  function.  Through  rest  and  properly 
regulated  nourishment  such  a  brain  may  recover ;  but  beyond  a  certain 
limit  of  exhaustion  the  jfunctional  insufficiency  may  become  permanent 
and  eventually  manifest  itself  in  anatomical  changes. 

A  very  severe  over-stimulation  of  the  nervous  system,  even  for  a 
very  short  time,  may  under  certain  conditions  lead  to  a  paralysis  of  its 
fmictions,  which,  in  case  the  heart  and  respiratory  apparatus  are  af- 
fected, may  cause  death,  but  in  the  majority  of  cases  is  of  a  transitory 
nature. 

Overwork  of  any  organ  is  more  quickly  followed  by  fatigue  and 
functional  insufficiency  in  the  case  of  impaired  nutrition.  Fatigue  and 
insufficiency  of  the  heart  are  most  frequently  observed  when  the  general 
nutrition  is  lowered,  as  in  cases  of  fever,  or  when  there  is  deficient  oxy- 
genation of  the  blood,  as  in  poorly  compensated  heart  lesions  or  pulmo- 
nary diseases. 

It  is  v^ry  probable  that  overwork  lowers  the  resistance  of  the  body 
to  various  infections. 

When  the  functional  demands  upon  a  muscle  or  gland  are  onl}"^  mod- 
erately increased,  and  if  the  nutrition  is  good  and  in  proportion  to  the 
increase  of  labor,  the  affected  tissue  becomes  hypertrophied,  and  is 
thereby  enabled  to  perform  the  increased  work  permanently. 

A  permanent  diminution  or  cessation  of  activity  causes  in  organs 
that  normally  perform  a  definite  and  constant  function  (muscles  and 
glands)  a  loss  of  tissue-mthgtance  {atrophy^. 

Literature. 

(Overexertion  and  Fatigue.) 

AbelooB:  Contrib.  &  I'etude  de  la  fatigue.     Arch,  de  Pliys.,  v.,  1893. 
Blake  and  Larrabee :  Observations  upon  Long-Distance  Runners.    Boston  Med.  and 
Surg.  Jour.,  1903. 


8  THE   EXTRINSIC   CAUSES   OF   DISEASE. 

BoaT«ret :  La  neurastbenie.  Parie,  1891« 

Brauns:  Die  NeuraBtbeoie,  Wiesbadeu.  1891. 

Carriea:  De  h  fatigue  et  de  soa  iDfluence  patljogenique,  Paris,  1878. 

Sdsngvr:  NeueTbeorie  uberdle  Uraacben  eiulger  Nenrenkmikbeiten,  Leipzig,  1894. 

IBrb:  Die  zuoebmende  Nerroaitftt  unaerer  Zeit,  Heidelberg,  1893. 

De  FLeaiy:  Pacbogeniede  I'epuisenieDt  nerveux.     Rev.  de  Med.,  189f. 

Otftorriiii:  Action  de  bi  fatigue  aur  les  cellules  nerTeuaes.    Arcb.  itaL  de  BioL.  xxxiL, 

189V. 
Kraepelin:  Zur  UeberbQrdungafrage.  Jena.  1897  (Lit.). 

▼.  Xraflt-Ebin^:  Lebrbucb  der  Psycbiatrie,  1893:  Gesunde  u.  kranke  Nerren.  1895. 
Kr^bl  u.  BomMrg*:  Bedeutung  <l.  Herzmuakels  u.  d.  Herzganglion.  f.  d.  Herzth&tig- 

keit.     Arcb.  f.  exp.  PsitJb.,  30  Bd.,  1892. 
I^eyden:   Herzkrankbelten  in  Folge  v.  Ueberanatrengung.    Zeitacbr.  f.  klin.  Med., 

zi..  1886. 
If  arfftn :  Fatigue  et  surmenage.    Patb.  g^n.  publ.  par  Boucbard,  i.,  1895. 
Homo:  Die  ErmQdung.  Leipzig.  1893. 
Beits:  Ueberanatrengung  d.  Herzena.    D.  Arcb.  f.  klin.  Med.,  zi..  1873,  u.  ziiL,  1874 

(Lit.). 
WilUams  and  Arnold:  Tbe  Effects  of  Violent  and  Prolonged  Exercise  upon  tbe 

Heart.     Pbil.  Med.  Jour..  1899. 
Ziehen:  Neurastbenie.    Eulenburg'sRealencjklop.,  xvii.,  1898  (lit."). 

§  3.  High  temperatures  may  act,  either  through  local  dedrucUon  of 
tissue  (burning)  or  through  overheating  of  the  entire  body.  The  latter 
condition  is  possible  only  when  the  body  is  exposed  to  an  increased  tem- 
perature for  such  a  time  that  it  cannot  protect  itself  from  oveiiieating 
by  increased  heat-dispersion.  In  dry  air  of  from  56-60°  C.  (131-140° 
P.)  the  most  profuse  i)er8piration  is  no  longer  able  to  protect  the  body 
permanently  from  overheating,  and  in  a  moist  atmosphere  the  same  is 
true  at  even  lower  temperatures. 

If  the  human  body  is  subjected  to  high  temperatures,  it  may  become 
overheated,  and  the  condition  known  as  heat-stroke  may  result  The 
pulse-rate  is  increased,  the  respiration  very  rapid  and  labored,  the  pupils 
are  dilated,  and  finally  death  may  occur  as  in  the  case  of  the  animals 
made  the  subject  of  experiment.  The  occurrence  of  heat-stroke  is 
favored  by  heavy  bodily  labor,  interference  with  heat-disi>ersion  through 
impermeable  clothing,  or  by  a  lack  of  water  in  the  body. 

The  direct  action  of  the  rays  of  the  sun  upon  the  head  may  cause 
cerebral  and  meningeal  irritation,  a  condition  characterized  by  hy- 
pereemia  and  inflammatory  exudations,  and  known  as  sun-stroke  or 
insolation. 

The  local  effects  of  heat  upon  the  skin,  bums,  are,  according  to  the 
intensity  of  the  heat  and  the  time  of  its  duration,  either  hypersemia 
(burn  of  first  degree),  formation  of  a  blister  (second  degree),  tissue- 
eschar  (third  degree),  or  carbonization  (fourth  degree).  The  heat  pro- 
duces local  changes  in  the  tissues,  and  kills  them  at  a  certain  height  of 
temperature  or  after  a  certain  time  of  exposure  to  its  action. 

When  a  large  part  of  the  surface  of  the  body,  about  one-third,  is 
burned,  the  affected  individual  usually  dies,  even  though  the  bum  is 
only  of  a  slight  degree  and  eschars  are  not  formed.  The  anatomical  find- 
ings in  fatal  cases  of  superficial  burns  would  indicate,  when  death  has 
not  resulted  very  quickly  from  the  severe  shock  to  the  nervous  system 
and  the  overheating  of  the  body,  that  the  cause  of  death  is  to  be  sought 
in  the  changes  in  the  blood  and  in  disturbances  of  the  circulation.  The 
blood-changes  consist  in  the  loss  of  a  portion  of  its  water  and  in  destmc- 
tion  of  the  red  blood-cells,  or  in  such  injury  to  them  as  to  diminish  their 
function  and  to  give  rise  at  the  same  time  to  a  deposit  of  the  products  of 
destruction  and  of  haemoglobin  in  the  liver,  spleen,  and  kidneys.    The 
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changes  are  further  characterized  by  a  tendency  on  the  part,  of  the  blood 
to  stasis,  hemorrhages,  and  intravascular  coagulation,  through  which 
vessels  of  both  the  pulmonary  and  the  systemic  circulation  may  be  ob- 
structed, so  that  locaHissue-degenerations  and  necroses  may  occur  in  cer- 
tain organs,  as,  for  example,  in  the  kidneys,  liver,  mucosa  of  the  stomach 
and  intestine,  bones,  and  soft  parts.  It  is  also  probable  that  poisonous 
products  are  produced  which  have  an  injurious  action,  particularly  upon 
the  nervous  system,  liver,  and  kidneys. 

Low  temperatures  act  in  the  same  manner  as  high  ones,  in  part 
through  local  injury  and  death  of  tissues,  in  part  through  refrigeration 
of  the  entire  body.  Severe  and  lasting  lowering  of  temperature  causes 
tissue  death ;  after  mild  chilling  there  occur,  as  the  residt  of  tissue-de- 
generation^ thrombosis,  hyx>eraemia,  and  exudations  which  are  relatively 
rich  in  leucocytes.  A  very  short  refrigeration  at  the  freezing-point  is 
sufficient  to  produce  degenerative  changes  which  are  quickly  followed  by 
regenerative  proliferation  on  the  part  of  the  cells  remaining  uninjured. 
Epithelial  thickenings  may  be  produced  (Fuerst)  by  repeated  slight  re- 
frigerations (as  well  as  by  repeated  slight  increase  of  temperature). 
The  tips  of  the  extremities,  nose,  and  ears  are  the  most  easily  frozen. 
After  repeated  chillings  of  mild  d^ree  inflammatory  redness  and  swell- 
ing of  the  skin,  associated  with  severe  itching,  often  occur  {chilblains, 
permones). 

If  the  temperature  of  the  entire  body  be  markedly  lowered,  a  condi- 
tion of  genersd  paralysis  results  from  the  diminished  excitability  of  the 
tissues,  the  nervous  system  and  heart  being  especially  affected.  The 
sensorium  becomes  dulled,  the  heart-beat  and  respiration  gradually  grow 
weaker,  and  finally  cease  entirely.  If  the  body  be  again  warmed,  be- 
fore the  excitability  of  the  tissues  is  wholly  lost,  the  power  of  movement 
in  the  limbs  is  gradually  restored,  and  after  a  time  consciousness  re- 
turns. In  man,  instances  of  complete  recovery  have  been  observed,  even 
after  refrigeration  of  the  body  to  from  24-30°  C.  (76-S6^  F.). 

Besides  the  more  severe  forms  of  local  or  general  lowering  of  the  tis- 
sue temperature  there  may  occur,  as  harmful  pathogenic  influences,  mild 
general  or  local  chillings,  the  so-called  colds,  as  the  result  of  which  dis- 
ease-phenomena may  manifest  themselves  partly  at  the  seat  of  chilling, 
partly  in  organs  in  distant  parts  of  the  body.  For  example,  after  wide- 
spread refrigeration  of  the  skin  there  may  occur  diarrhoea,  catarrh  of  the 
respiratory  tract,  or  disease  of  the  kidneys;  after  local  chilling  of  the 
skin,  painful  affections  of  the  deep-seated  muscles.  The  exact  relation 
between  these  phenomena  and  the  refrigeration  is  unknown  (the  oft-re- 
peated hypothesis  that  they  are  due  to  hypersemia  of  the  internal  organs 
caused  by  the  chilling  of  the  body-surface  has  not  been  proved),  but 
there  is  no  reason  on  this  account  to  deny  the  existence  of  diseases  caused 
by  cold.  Though  many  diseases  formerly  attributed  to  "catching  cold  " 
have  been  shown  to  be  of  infectious  origin,  there  yet  remain  a  number 
of  diseased  conditions  for  which  we  know  no  other  etiology  than  that  of 
refrigeration.  Conditions  of  the  body  in  which  the  skin  is  hypersemio 
and  the  perspiratory  function  active  favor  the  taking  of  cold.  Many  in- 
dividuals appear  to  possess  a  predisposition  on  the  part  of  certain  tissues 
to  the  effects  of  refrigeration ;  in  one  person  certain  muscles,  in  another 
the  mucous  membranes  will  be  affected. 

According  to  the  view  of  many  writera,  refrigeration  of  the  body 
increases  the  susceptibility  to  infection,  so  that,  for  example,  the  patho- 
genic bacteria  which  may  be  present  in  those  cavities  of  the  body  acces- 
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sible  from  without  may,  after  such  refrigeration,  be  able  to  exert  their 
injurious  influences  upon  the  tissue. 

If  rabbits  are  placed  in  well-ventilated  incubators  at  a  temperature  of  35-40^  C. 
(96.6-104°  F.),  their  body  temperature  will  rise  to  39-40'  C.  (102.3-104*  F.),  the  respira- 
tion and  pulse  being  at  the  same  time  ereatly  increased  in  frequency.  A  veiy  marked 
elevation  of  body  temperature  may  lead  in  one  to  three  days  to  death  through  paralysis 
of  the  nervous  and  muscular  systems,  the  chief  symptoms  being  a  marked  increase  of 
both  respiratory  and  cardiac  activity.  If  the  increase  of  bodv  temperature  is  not  greater 
than  2-3°  C.  (3-5°  F.),  the  animals  may,  if  properly  nourished,  live  from  ten  to  thirty 
days  or  even  longer,  but  they  will  lose  in  weight  and  ultimately  die,  showing  before 
death  a  gradually  increasing  diminution  of  luemoglobin  and  of  red  blood-cells.  De- 
generative changes,  particularly  fatty  degeneration,  occur  in  the  liver,  kidneys,  and 
heart  muscle.     During  the  experiment  there  is  an  increased  production  of  urea. 

The  fact  that  man  dies  so  frequently  after  an  extensive  superficial  bum  of  the  skin 
has  been  explained  in  various  ways.  Billrothf  Fo^,  Mendel^  and  others  believed  the 
cause  of  death  to  lie  in  a  suppression  of  the  perspiration  and  the  resulting  accumula- 
tion of  toxic  substances  in  the  blood;  while  others,  as  B.  Sonnenbtirg  a,nd  Folk,  sought 
the  cause  in  a  reflex  lowering  of  the  vascular  tone.  In  the  foudroyant  cases,  according 
to  SonnenbuTgy  the  overheatmg  of  the  blood  causes  a  paralysis  of  the  heart.  Ponfick, 
Kleba,  von  Lesser,  and  others,  on  the  other  hand,  are  of  the  opinion  that  the  fatal  issue 
is  due  to  injury  and  destruction  of  the  red  blood-cells.  Silbermann,  Welti,  and  Sal- 
violi  also  seek  the  cause  of  death  in  an  injury  to  the  blood,  emphasizing,  however,  not 
80  much  the  destruction  of  the  red  blood-cells  as  the  occurrence  of  stasis  and  coagula- 
tion of  the  blood  in  the  vessels  of  different  organs,  which  are  interpreted  as  resulting 
from  the  changes  in  the  blood.  On  the  other  hand,  KiianUzin,  Parascandolo,  Sea- 
gliosi,  and  Dom  hold  that  there  is  formed  in  the  bodies  of  oumed  individuals  a  poison 
which  has  an  injurious  action  upon  the  nervous  system  and  also  upon  the  liver  and  kid- 
neys. Wilms  seeks  the  cause  of  death  partly  in  a  loss  of  the  water  of  the  body  and 
partly  in  the  absoiption  of  poisonous  products  from  the  burned  area. 

According  to  Pfluger  and  others,  all  the  vital  processes  may  be  brought  to  a  stand- 
stiU  through  refrigeration,  without  its  being  impossible  for  a  recovenr  to  take  place 
from  the  apparent  death.  This  may  happen  even  when  the  animal  is  frozen  to  a  solid 
mass.  Preyer  also  holds  the  opinion  that  the  continuity  of  life  may  be  wholly  inter- 
rupted by  refrigeration,  and  designates  subjects  who  are  thus  "lifeless,"  but  stul  capa- 
ble of  living,  as  anabioHc.  Frogs  are  said  to  remain  capable  of  life  for  many  hours, 
even  though  the  temperature  be  reduced  to  —2.5°  C.,at  which  temperature  the  heart 
is  frozen.  According  to  the  investigations  of  Koch,  such  anabiosis  of  solidly  frozen 
animals  is  possible  when  only  a  portion  of  the  water  contained  in  the  body  of  the  ani- 
mal is  frozen  and  when  the  thawing  process  takes  place  slowly.  In  the  case  of  rapid 
thawing,  strong  diffusion  currents  are  set  up  between  the  water  coming  from  the  ice- 
crystals  and  the  concentrated  albuminous  solutions  of  the  blood  and  the  tissues;  and 
these  currents  may  exert  a  damaging  effect  upon  the  latter. 

According  to  the  investigations  of  J.  Dewar  (Proc.  of  the  Royal  Soc,  London,  1900), 
the  seeds  of  wheat,  barley,  mustard,  peas,  and  pumpkins  do  not  lose  their  ger- 
minative  power  when  put  into  liquid  hydrogen;  that  is,  in  a  temperature  of  —250^. 
Further,  the  protoplasm  under  these  conditions  was  not  changed  by  the  cold. 

Not  only  do  the  heat-rays  of  the  sun-light  or  the  are-light  affect  the  human  body, 
but  their  chemically  active  violet  and  ultraviolet  rays  have  also  an  important 
action  upon  its  tissues.  According  to  Young.  Beclard,  Schneider,  Godnew,  and  others 
(for  literature  see  Sack,  I.e.),  the  processes  ot  growth  and  r^eneration  are  carried 
on  more  rapidly  under  the  influence  of  blue  and  violet  rays  than  under  ordinary  con- 
ditions. According  to  Finsen,  variola-lesions  in  the  skin  run  a  much  more  favorable 
course  when  protected  from  the  violet  rays  by  means  of  red  glass.  According  to  the 
investigations  of  Maklakow  the  violet  and  ultraviolet  rays  of  tne  arc-light  can  pi^uce 
a  peculiar  erythema  of  the  skin,  even  when  the  heat-rays  are  excluded  {Widmark). 
Finsen  holds  that  "sunburn"  is  produced  chiefly  by  the  violet  and  ultraviolet  ravs. 
Bacteria  in  plate-cultures  are  killed  within  a  short  time  by  exposure  to  the  ultraviolet 
rays  of  the  arc-light.  According  to  the  investigations  of  Godnew,  Finsen,  MoUer,  and 
others,  the  violet  and  ultraviolet  rays  penetrate  the  skin,  but  are  absorbed  by  the  blood. 
Basing  his  views  upon  these  facts,  Finsen  has  attempted  to  treat  skin  diseases,  espe- 
cially lupus,  cancer,  vascular  n«vi,  acne,  etc.,  with  the  ultraviolet  rays  of  the  sun  and 
the  arc-light,  and  has  been  very  successful  with  the  latter  method.  Fresh  cases  of 
lupus  were  healed  by  it  in  a  relatively  short  time.  The  heat-rays  are  excluded  by  means 
of  the  interposition  of  quartz  lenses  and  chambers  of  running  water,  A  hollow  lens  of 
quartz  through  which  water  is  flowing  is  pressed  firmly  against  the  affected  area  in 
order  to  exclude  the  blood  which  absorbs  the  ultraviolet  rays.    The  irradiation,  when 
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continued  for  about  an  hour,  causes  first  an  inflammation,  leading  after  twelve  hours 
or  more  to  the  fcrmation  of  a  blister.   Later,  scar  tissue  develops  in  the  area  so  treated. 

According  to  investi^tions  by  Dreyer,  and  confirmed  by  Neisser  and  Halber- 
staedter,  infusoria,  bacteria,  and  animal  tissues  when  impregnated  with  erythrosin 
(solution  of  1: 1.000-1:  4,000)  become  sensitized  to  red  and  yellow  rays,  so  tliat  these 
rays  act  upon  them  in  the  same  manner  as  the  violet  and  ultraviolet.  Since  the  red 
and  yellow  rays  possess  a  greater  power  of  penetration  into  the  tissues,  a  more  marked 
and  deeper  effect  of  irradiation  can  be  ol^tamed  by  the  previous  treatment  of  the  tissues 
with  solutions  of  erythrosin. 

Roaitgeo-Rays,  acting  upon  the  skin  for  some  time,  cause  in  the  exposed  por- 
tions, at  point  of  entrance  and  exit,  d^enerative  changes  affecting  chiefly  the  epithelium, 
but  also  the  connective-tissue  cells.  These  are  followed  by  inflammatoiy  processes. 
Clinically  these  changes  show  themselves  usually  about  fourteen  days  after  the  exposure, 
and  reach  their  acme  after  some  weeks.  The  hair  and  finger-nails  may  be  lost.  If 
tissue-necrosis  occurs,  the  healing  of  the  resulting  ulcer  is  very  slow  and  aiflicult.  The 
Roentgen-rays  have  also  been  used  with  some  success  in  the  treatment  of  lupus  and 
carcinoma  of  the  skin.  Exposures  of  30  to  60  minutes  are  given,  and  repeated  two  or 
three  times.  After  one  or  two  weeks  the  cancer  shows  an  inflammatory  reaction. 
Healing  of  the  neoplasm  takes  place  through  the  destruction  of  the  carcinoma  cells, 
which  are  especially  susceptible  to  the  action  of  the  rays;  and  the  resulting  ulcer  heals 
through  the  formation  of  scar-tissue  and  a  regeneration  of  the  epidermis.  In  the  case 
of  carcinoma  of  the  mamma  a  certain  amount  of  destruction  of  the  neoplasm  mav  be 
accomplished,  but  not  to  the  extent  of  a  complete  cure.  Recent  cases  have  been 
obaerv^  of  cancer  developing  in  skin  frequently  exposed  to  Roentgen-rays. 

According  to  investigations  by  Heineke  and  Warthin,  the  experimental  irradiation 
of  rats,  mice,  guinea-pigs,  rabbits,  and  dogs  causes,  even  after  fifteen-minute  exposures, 
a  marked  destruction  of  the  lymphoid  cells  of  the  spleen,  bone-marrow,  and  lymph- 
nodes.  The  disintegration  of  the  lymphoid  cells  is  evident  almost  inmiediately  after 
the  exposure,  and  persists  for  some  hours.  After  single  exposures  regeneration  is  rapid, 
but  after  prolonged  or  repeated  exposures  the  spleen  may  finally  become  practically 
devoid  of  lymphoid  cells.  In  exposures  of  this  degree  the  death  of  the  animal  usually 
takes  place  within  ten  davs,  after  it  has  exhibited  marked  syniptoms  of  intoxication. 
Small  animals  maybe  rendered  blind  by  prolonged  exposures.  In  the  use  of  Roentgen- 
rays  as  a  curative  agent  in  leuksmia  it  has  been  shown  that  the  size  of  the  spleen  may 
be  greatly  diminished,  the  white-cell  count  brought  down  to  normal,  the  general  condi- 
tion unproved,  and  the  life  of  the  patient  extended  by  one  to  two  years.  Warthin  has 
shown  that  this  improvement  is  due  wholly  to  the  destructive  action  of  the  rays  upon 
the  white  cells  of  the  blood-cell-formine  organs,  and  that  the  essential  disease-process 
is  not  cured.  He  has  also  emphasized  the  dangers  of  an  intoxication  arising  from 
the  products  of  proteid  disint^ration,  and  has  shown  the  occurrence  of  extensive 
degeneration  and  calcification  of  the  kidneys  in  cases  so  treats.  His  investigations 
show  ak»  that  slight  changes  occur  in  the  renal  epithelium  as  the  result  of  short  ex- 
posures. Capps  believes  that  a  leukotoxin  is  produced  in  the  sera  of  animals  exposed 
to  the  rays.  Scholz,  Seldin,  Philipp,  Halberataedter,  and  others  have  demonstrated 
the  production  of  azoospermia  in  man  and  animals  by  means  of  Roentgen  irradiation. 
Numerous  cases  of  sterility  in  Roentgen-ray  operators  have  been  obser\'ed.  Bardeen 
found  that  the  death  of  spermatozoa  is  hastened  by  irradiation,  and  that  spermatozoa 
injured  by  short  exposures  to  Roentgen-rays,  but  still  capable  of  fertilization,  may  cause 
the  development  of  monsters  from  ova  fertilized  by  them.  He  concludes  that  nuclear 
material  may  be  so  influenced  by  exposures  to  the  rays  that  after  a  latent  period  it  may 
show  marked  abnormalities  in  development.  Foersterling  warns  against  tne  dangers  of 
irradiation  in  young  children.  Edsall  has  reported  an  instance  of  death  following 
Roentgen  irradiation,  and  the  present  tendency  is  te  regard  the  rays  as  agents  capable 
of  producing  serious  damage  to  the  animal  oi^ganism. 

BecquereURays  act  similarly  to  the  Roentgen.  Tissue-degenerations  and  in- 
flammations appear  in  the  second  or  third  week  after  the  exposure  and  reach  their  acme 
in  20-30  days  {fJalkin,  I.e.).  Slowly  healing  ulcers  may  be  formed.  Some  success  has 
been  obtained  with  the  rays  in  the  treatment  of  cancer  of  the  skin  and  lupus.  Accord- 
ing to  Pfeiffer,  Friedberger,  and  SchoUz  the  rays  are  bactericidal,  and  a  portion  of  the 
active  rays  can  penetrate  the  tissues  to  a  depth  of  several  millimetres.  Roentgen  and 
Becquerel  rays  are  not,  like  light,  heat,  and  electricity,  especial  forms  of  undulations  of 
the  ether,  but  consist  of  extremely  minute  particles  oi  matter,  electrons,  which  are  given 
off  into  space  with  great  rapidity.  In  the  case  of  the  Roentgen-rays  the  projecting 
poiR'er  is  the  electrical  energy  supplied  to  the  Roentgen  tube.  The  Becquerel  rays 
represent  a  property  of  certain  bodies  designated  by  Becquerel  as  radio-activity.  In 
1896  this  investigator  discovered  that  uranium  and  its  salts  give  off  rays  that  act  upon 
photographic  plates  in  the  dark  and  are  capable  of  penetrating  bodies  impervious  to 
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light.  In  1898  Madame  Curie  succeeded  in  separating  from  pitchblende  two  radio- 
active bodies  which  were  named  radium  and  polonium.  In  1899  a  third  radio-active 
body  (actinium)  was  discovered  by  Curie  and  Debieme.  Radium  has  been  produced  in 
a  pure  form  and  has  been  the  most  carefully  studied.  It  is  a  new  element,  the  salts  of 
which  are  radio-active  in  the  highest  degree  and  project  electrons  into  space  at  a  velocity 
of  160,000  kilometres  per  second,  at  the  same  time  giving  off  heat-rays.  The  air  about 
it  becomes  ionized,  that  is,  becomes  a  conductor  for  electrical  discharges.  The  action 
of  radium  upon  the  tissues  is  similar  to  that  of  Roentgen-rays. 

According  to  Hinstedt  (Ann.  der  Pkyttik,  1903),  numerous  springs,  hot  ones  in 
particular,  are  radio-active,  and  it  is  not  improbable  that  their  special  action  is  in 
part  dependent  upon  this  property. 
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« 

§  4.  A  sudden  lowering:  of  atmospheric  pressure,  as  in  the  case  of 
mouutaiu-climbing  and  balloon  ascents,  may  cause  conditions  of  great 
exhaustion,  with  marked  palpitation  of  the  heart,  unconsciousness,  ir- 
regular breathing,  and  sometimes  vomiting,  and  bleeding  from  the  gums 
and  lips.  These  symptoms  depend  essentially  upon  a  lack  of  oxygen 
(P.  Bert),  the  capillaries  of  the  lungs  being  unable  to  take  up  sufficient 
oxygen  from  the  highly  rarefied  air.  Kronecker  believes  that  they  are 
to  be  referred  to  disturbances  of  the  pulmonary  circulation.  According 
to  the  investigations  of  Schumburg  and  Zuntz,  it  apx>ears  that  a  given 
amount  of  labor  calls  for  a  greater  amount  of  oxygen  at  an  increased  ele- 
vation than  at  a  lower  level.  The  symptoms  of  mountain-sickness  ax>x)ear 
at  a  lower  elevation  than  those  of  balloon -sickness,  owing  to  the  demands 
made  upon  the  muscles  in  the  former  case  during  the  climbing.  During 
the  building  of  the  Gorner  Grat  Eailway  it  was  found  that  at  a  height 
of  2,700-3,000  metres  the  capacity  of  the  laborers  was  diminished  to  a 
third. 

According  to  the  researches  of  Egger,  Miescher,  and  others,  a  sojourn 
in  high  altitudes  leads,  after  a  short  time,  to  an  increase  in  the  number 
of  reel  cells  and  a  greater  hsemoglobin-content  of  the  blood. 

Schaumann  and  Bosenquist  hold  that  the  same  phenomenon  may  be 
observed  in  animals  confined  for  some  time  in  bell-jars  at  a  lower  atmos- 
pheric pressure.  Other  authors  (Schumburg,  Zuntz,  Gottstein)  oppose 
this  view,  and  maintain  that  the  phenomenon  is  due  either  to  a  thicken- 
ing of  the  blood  from  loss  of  water  and  to  changes  in  the  distribution  of 
the  blood,  or  to  changes  in  volume  of  the  measuring-apparatus;  they 
endeavor  to  explain  the  favorable  effects  which  many  individuals  expe- 
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rience  from  a  residence  at  high  altitudes  by  certain  stimulatuig  influ- 
ences (greater  exposure  to  snn's  rays)  which  affect  the  Dcrrons  system 
and  canse  increased  metabolism.  According  to  Marti,  intense  ayid  pro- 
longed irradUUion  of  the  body  stimulates  the  formation  of  red  blood-cells 
and  to  a  lesser  d^ree  also  that  of  the  hfemoglobin. 

A  sojourn  in  diving-bells  or  caissonn,  such  as  are  employed  in  build- 
ing operations  beneath  the  water,  in  which  the  atmospheric  pressure  is 
Increased,  under  certain  conditions,  as  high  as  four  atmospheres  or  cvbd 
greater,  causes  a  slight  difficulty  in  breathing  and  a  relatively  unimpor- 
tant increase  of  the  pulse-rate.     If  a  change  be  made  quickly  from  the 
compressed  atmosphere  to  air  of  ordinary  pressure,  there  may  occur 
within  an  hour  a  condition  of  great  fatigue,  tightness  of  the  chesty  ring- 
ing of  the  ears,  cramps  in  the  muscles,  pains  in  the  joints  and  limbs, 
hiemorrhages  from  the  nose,  ears,  and  lungs,  dilatation  of  the  pupils,  and 
nnder  certain  conditions  paralysis,  coma,  delirium,  and  even  death  after 
an  interval  of  from  one  to  twenty  days.     The  cause  of  these  phenomena 
is  probably  to  be  found  in  the  obstruc- 
tdou  of'  blood-vessels  of  the  spinal  cord 
by  bobbles  of  nitrogen  that  has  been  ab- 
sorbed nnder  the  high  pressure  (Hoche). 
According    to   experimental  investiga- 
tions of  Heller,  Mager,  and  von  Schrot- 
ter,   the  blood,   after  rapid  removal  of 
pressure,  contains  free  gas  (almost  es- 
clnsively    nitrogen),   so  that   free  gas 
circulates  in  the  blood.     In  fatal  cases 
associated  with  paralysis   areas  of  de- 
generation   (Nikiforoff)  are  found  in 
the  white  columns  of  the  spinal  cord, 
in  which  individual  nerve-fibr«s  present 
marked  changes  in  the  form  of  swelling 
of  the  axis  -cylinders,  and  disintegration 
of  the  medullary  sheaths,  with  the  for- 
mation of  vacuoles  in  the  place  of  the 
nerve-fibres  that  have  been  completely 
destroyed.      If  the  gray  matter  is  in- 
volved, the  ganglion-cells  may  also  de- 

Fio.  ].— LlKbtnlDg-Ogara*  on  the  ■bonk      generate. 

SSiSSr  "^  "™  "' "™'^ '''™*  "'  Changes  in  the  electrical   condition 

of  the  atmosphere  and  in  the  magnetJo 
state  of  the  earth  have  no  demonstrable  influence  upon  the  humiui 
body ;  on  the  other  hand,  electric  discharges,  as  lightning-stroke,  may 
cause,  in  part,  local  lesions  of  the  skin  resembling  burns  (Fig.  1),  haem- 
orrhages iu  the  skin,  and  burning  of  the  hair,  and,  in  part,  lesions  of  the 
whole  body.  Under  certain  circumstances  lightning-stroke  causes  lacera- 
tion of  internal  organs,  as,  for  example,  of  the  heart  and  liver.  Tlie 
most  frequent  and  important  effect  of  lightning-stroke  is  a  paralysis  of 
the  nervous  system,  which  gives  rise  to  a  severe  dyspncea,  which  may 
be  fatal  immediately  or  after  a  few  minutes  or^honrs,  or  may  gradually 
pass  away  after  several  hours,  days,  or  weeks.  Only  rarely  do  individn^ 
nerve-trunks  remain  permanently  paralyzed.  A  transitory  paralysis 
may  occur  when  the  electrical  discharge  has  not  passed  through  the  body, 
but  has  descended  in  its  neighborhood. 

In  individuals  who  have  been  struck  by  lightning  there  may  be  fomid 
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slight  or  severe  burns  of  the  skin  corresponding  to  the  points  of  entrance 
and  exit  of  the  current,  and  various  injuries  to  the  tissues  in  the  course 
of  its  path  through  the  body.  The  marks  of  the  burn  are  for  the  greater 
part  red,  and  form  peculiar  branching  zigzag  lines,  the  so-called  lightning 
figures  (Pig.  1),  which  are  essentially  a  hyperaemia,  and  soon  disappear 
if  the  bums  are  not  severe. 

The  passage  of  powerful  electric  currents  of  high  tension,  such  as 
are  generated  by  dynamos,  through  the  human  body,  as  may  happen 
when  an  individual  is  placed  in  a  circuit  or  comes  into  contact  with  an 
uninsulated  conductor,  may  give  rise  to  severe  disturbances  or  cause 
death.  According  to  Kratter,  the  lower  limit  of  danger  occurs  at  a  ten- 
sion of  about  five  hundred  volts.  Alternating  currents  are  much  more 
dangerous  than  continuous  ones  of  the  same  strength  and  tension.  When 
the  effects  are  not  fatal,  the  injured  person  is  suddenly  rendered  uncon- 
scious, this  condition  lasting  for  a  few  minutes  or  several  hours,  and  for 
several  days  afterward  symptoms  of  vertigo,  prostration,  headache,  and 
palpitation  of  the  heart  may  i)ersist  (Kratter).  At  the  points  of  contact 
more  or  less  severe  bums  are  produced. 

In  fatal  cases,  death  takes  place  suddenly  or  rarely  after  ten  or  thirty 
minutes.  The  autopsy  findings,  aside  from  the  burns  at  the  points  of 
contact,  are  evidences  of  suffocation  and  hjrpervenosity  of  the  blood, 
stasis  of  the  blood  within  the  thoracic  vessels,  and  often  small  scattered 
haemorrhages  which  are  due  partly  to  the  direct  action  of  the  current. 
The  cause  of  death  is  paralysis  of  the  centre  governing  the  respiration 
or  the  heart's  action. 
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2.  The  Origin  of  Disease  through  Mechanical  Influences. 

§  5.  Traumatic  influences  of  various  icind3  leading  to  concussion, 
bruisinsf,  and  laceration  of  tissue  are  of  very  frequent  occurrence,  and 
act  partly  through  the  tearing  and  destruction  of  tissue,  partly  through 
changes  in  tissue-organization  not  recognizable  to  the  naked  eye,  and 
partly  through  lesions  and  ruptures  of  the  blood-  and  lymph-vessels,  and 
through  irritation  and  paralysis  of  nerves.  The  sequel®  are  partly 
necrosis  and  de$truciion  of  tissue,  partly  disturbances  of  cireiUationy  inflam- 
mation, and  regenerative  proliferations.  Frequently  repeated  meduimcal 
traumatisms  of  slight  degree,  such  as  rubbing,  may  give  rise  to  congestive 
hyperwmia  and  inflammations,  which  may  lead  further  to  hyperplaslic 
growths  of  tissue.  If  large  quantities  of  insoluble  dust  particles  are  con- 
tinuously taken  into  the  lungs  indurations  of  the  pulmonary  tissue  may 
develop  in  consequence.  As  a  result  of  prolonged^r^s^ir^  and  dimmition 
of  space,  atrophy  of  an  organ  or  tissue  may  occur  (corset-liver). 

After  a  single  or  after  frequently  repeated  trauma,  there  may  de- 
velop under  certain  conditions  at  present  unknown  to  us,  malignant  new- 
formations  of  tissue  called  tumors.  Trauma  may  further  pave  the  way 
for  an  infection,  either  in  that  the  wound  caused  by  the  trauma  is  in- 
fected at  the  time  of  injury  or  is  secondarily  infected  from  tmfhout ;  or  that 
micro-organisms  toere  pretdoudy  present  in  the  body  under  conditions  in- 
hibiting their  growth,  and  these  find  in  the  injured  tissues  a  suitable  sMfw 
growth^  so  that  to  the  trauma  an  infection  is  joined. 

Traumatic  influences  affect,  first  of  all,  the  external  parts  of 
the  body;  but  it  may  happen,  either  with  or  without  visible  injury 
to  external  parts,  that  internal  organs  may  be  injured,  and  the 
internal  lacerations,  necroses,  and  haemorrhages  thus  produced,  may 
be  followed,  not  only  by  inflammations  and  reparative  tissue  pro- 
liferations, but  also  by  malignant  neoplasms,  and  by  infective  proc- 
esses. 

Mechanical  lesions  (also  thermal,  electrical,  and  corrosive)  run  a  spe- 
cial course,  if  through  the  local  injury  the  nervous  system  becomes  in- 
volved. Such  involvement  occurs  either  through  the  direct  action  of 
the  trauma  upon  the  central  nervous  system ;  or,  by  the  stimulation  of 
the  sensory  or  sympathetic  nerves,  the  central  nervous  system  may  be 
so  affected  that  a  number  of  additional  nervous  symptoms  follow. 

If  the  direct  concussion  of  the  cranium  is  followed  by  paralysis  of 
the  cerebral  function  and  unconsciousness,  the  condition  is  termed 
commotio  cerebri  or  cerebral  concussion.    This  term  is  especially  used 
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when  the  trauma  has  produced  no  visible  changes  in  the  structure  of  the 
brain,  or  at  least  none  of  any  size  or  importance. 

Excessive  stimulation  of  the  peripheral  nerves  may  cause  a  reflex  in- 
hibition or  paralysis,  involving  chiefly  the  functions  of  the  heart  and 
respiratory  apparatus;  the  symptoms  thus  produced  being  collectively 
designated  as  shock.  The  most  frequent  causes  of  shock  are  injuries  to 
the  spinal  column,  abdominal  cavity,  and  scrotum,  less  frequently  to 
the  extremities  and  thorax.  Further,  shock  may  be  caused  by  light- 
ning-stroke, burns,  corrosions  of  the  skin,  fear,  and  psychical  emotions 
through  whatever  avenue  of  perception  they  may  be  called  forth.  In- 
dividuals whose  nervous  systems  are  in  a  certain  condition  of  excitement 
are  esi)ecially  liable  to  shock ;  conditions  of  narcosis  and  drunkenness 
inhibit  its  occurrence. 

Shock  is  characterized  chiefly  by  weakened  energy  on  the  part  of  the 
heart  and  irregular  breathing,  which  lead  to  a  decrease  in  the  inter- 
change of  gases  in  the  tissues  and  to  a  lowering  of  the  temi)erature 
(Roger).  The  consciousness  is  usually  preserved,  the  skiri  and  visible 
mucous  membranes  are  pale,  the  pulse  is  small  and  markedly  quickened, 
often  irregular  and  intermittent. 

Further,  the  individual  suffering  from  shock  may  be  either  excited, 
groan,  shriek,  and  complain  of  a  fearful  anxiety  associated  with  dyspnoea 
{erethigtic  shock) ;  or  he  may  lie  quiet,  with  sunken  countenance,  and  ex- 
hibit evidences  of  great  weakness  of  both  sensory  and  motor  functions 
{torpid  shock).  In  severe  cases  death  takes  place  from  the  stoppage  of 
the  heart  and  cessation  of  respiration. 

Shock,  in  being  due  to  the  over-stimulation  of  the  peripheral  nerves, 
is  closely  allied  etiologically  to  the  phenomenon  known  as  syncope ;  but 
the  last-named  condition  differs  essentially  from  shock  in  that  its  chief 
symptom  is  a  transitory  loss  of  consciousness,  while  the  functions  of  the 
heart  and  respiration  show  no  marked  disturbance.  Syncope  is,  further, 
usually  preceded  by  prodromal  symptoms,  such  as  dizziness,  ringing  in 
the  ear,  and  darkening  of  the  visual  field,  these  being  absent  in  shock. 

Kot  infrequently,  following  an  injury  to  some  part  of  the  body,  there 
may  arise  a  more  or  less  pronounced  functional  disturbance  of  the  ner- 
vous system,  which  may  often  i)er8ist  long  after  the  local  injury  has 
healed,  so  that  such  disturbance  is  in  no  way  dependent  upon  anatomical 
changes  in  the  peripheral  or  central  nervous  system,  but  must  be  re- 
garded as  ^  purely  functional  disturbance  of  psychical  origin.  Such  condi- 
tions are  termed  traumatic  neuroses  or  accident  nervous  diseases,  and 
are  characterized  chiefly  by  subjective  but  in  part  also  by  objective  symp- 
toms. To  the  first  belong  especially  pains  not  definitely  localized  at 
the  seat  of  injury,  as  headache,  pain  in  the  chest,  backache,  difficulty 
in  movement,  general  lassitude,  inability  to  perform  mental  labor,  dul- 
ness  of  perception,  disturbances  of  sight,  flashes  before  the  eyes,  dizzi- 
ness, restless  sleep,  loss  of  appetite,  and  disturbances  of  digestion.  With 
these  last  symptoms  are  associated  psychical  depression  of  a  hypochon- 
driacal or  melancholic  character,  irregularly  placed  areas  of  cutaneous 
anaesthesia,  enfeebiement  of  the  senses  of  taste,  hearing,  and  smell,  motor 
paralysis,  cramps,  and  hypertesthesia,  concentric  narrowing  of  the  visual 
field,  pareses,  muscular  spasms,  tremors,  acceleration  of  tiie  pulse,  and 
tendency  to  sweating. 

All  of  these  phenomena  depend  essentially  upon  a  psychical  shatter- 
ing of  the  perceptive  life,  a  psychoneurosis  which  is  less  often  due  to 
the  trauma  and  the  associated  psychical  shock  than  to  the  resulting  anxi- 
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ety  over  health  and  bnsiness  matters.  The  condition  in  part  partakes 
of  the  nature  of  hysteriay  as  characterized  by  a  disturbance  of  the  normal 
relation  between  the  mental  and  bodily  processes ;  in  part  of  hypochm- 
dria,  as  recognized  by  the  spontaneous  occurrence  of  abnormal  sensa- 
tions ;  and  in  part  of  a  neuraithenia,  which  reveals  itself  by  the  produc- 
tion of  abnormal  pathological  sensations  through  relatively  slight 
stimulation  or  exertion.  If  the  will  no  longer  controls  the  motor  centres, 
hysterical  paralyses  arise ;  if  the  normal  control  and  inhibition  of  the 
will  are  lost,  so  that  unreasonable  will-stimuli  are  created  and  influcDce 
the  muscles,  hysterical  twitchings,  contractures,  or  convulsions  take  place. 
If  a  nervous  stimulus  arising  in  the  sensory  tract  fails  to  reach  the  con- 
sciousness, there  follows  a  hysterical  anaesthesia;  if  there  arise  in  the 
consciousness  the  images  of  expected  or  feared  sensations,  and  if  these 
images  are  intensified  into  actual  subjective  stimuli  of  consciousness, 
hysterical  pains  and  neuralgias  result  (Striimpell). 

Bosenbaeli  designates  as  kinetoses  those  diseases  which  arise  when  energetic  and 
continuous  movements  of  the  body  in  one  direction  are  changed  into  the  opposite  direc- 
tion, so  that  a  shifting  of  the  internal  organs  results.  In  this  class  belong  the  patho- 
logical phenomena  observed  in  setmckness,  and  in  the  conditions  caused  by  see-Mteirig, 
imirling,  movement  in  a  vertiecU  direction,  and  sudden  stoppage  of  motion.  As  a  result  of 
the  rapid  change  in  direction  of  bodily  motion,  the  molecules  which  are  moving  in  the 
line  of  the  primary  direction  are  forced  to  move  in  the  opposite  direction ;  and,  ac- 
cording to  Rosenbach,  such  a  change  is  sufficient  to  cause  more  or  less  important  molec- 
ular disturbance.  He  explains  the  symptoms  of  seasickness,  as,  for  example,  the  ab- 
normal secretion  of  the  stomach,  the  increase  of  intestinal  peristalsis,  the  vomiting,  etc., 
as  the  results  of  purely  mechanical  influences  on  the  tissues,  and  believes  that  the 
liver,  intestine,  brain,  and  nerve-plexuses  are  similarly  affected  through  mechanical  in- 
fluences acting  upon  their  protoplasm.  On  the  other  hand,  Bim  refers  seasickness  to 
an  acute  anaemia  of  the  brain  ^hich  causes  the  nausea  and  vomiting.  A  horizoDtal 
position  and  the  administration  of  a  "water  solution  of  chloral  hydrate,  which  dilates 
the  arteries  of  the  head,  have  a  favorable  action  upon  the  condition. 
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3.  The  Origin  of  Disease  through  Intoxication. 

§  6.  By  poisonins:  or  intoxication  is  meant  that  impairment  of  hedUlh 
caused  by  Vie  injury  to  a  tissue^  which  certain  mibstances,  by  virtus  of  their 
chemical  nature,  are  able  to  produce  under  certain  conditions.     Such  sub- 
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stances  are  termed  poisons,  and  are  derived  partly  from  the  mineral 
kingdom^  jmrtly  from  the  vegetable,  and  partly  from  the  animal  king- 
dom. They  may  occur  in  a  natural  state  or  they  may  be  produced 
artificially  from  inorganic  or  organic  substances.  Many  of  the  most 
important  poisona  are  products  of  either  plant  or  animal  life,  and  are 
formed  either  within  the  tissues  of  the  plant  or  animal,  or  from  their 
food-supply  by  the  transformation  of  substances  which  are  either  inert 
or  possess  an  entirely  different  action. 

The  most  important  poisons  belonging  to  the  mineral  kingdom  or  which  are 
produced  from  minerals  are :  metallic  mercury,  chlorine,  bromine,  iodine, 
sulphur,  and  various  combinations  of  these  substances,  different  combi- 
nations of  arsenic,  antimony,  lead,  barium,  iron,  copper,  silver,  zinc, 
potassium,  sodium,  chromium,  etc.  Of  the  poisons  containing  carbon^ 
trhich  are  ariifidaUy  produced,  the  most  important  are:  chloroform, 
chloral  hydrate,  ether,  alcohol,  iodoform,  carbon  bisulphide,  hydro- 
cyanic acid,  potassium  cyanide,  oxalic  acid,  nitroglycerin,  amyl  nitrite, 
petroleum,  carbolic  acid,  nitrobenzole,  picric  acid,  and  aniline.  It  may 
be  observed  in  this  connection  that  modern  chemistry  is  constantly  pro- 
ducing new  substances,  some  of  which  are  poisons. 

Of  ihiQ  poisons  produced  by  plants  of  the  higher  order j  those  of  chief  im- 
portance are:  the  vegetable  alkaloids,  such  as  morphine,  quinine,  colchicine, 
atropine,  hyoscyamine,  veratrine,  strychnine,  curarine,  solanine,  nico- 
tine, digitaline,  santonin,  aconitine,  cocaine,  coniine,  muscarine,  and 
ergotine,  all  of  which  in  relatively  small  doses  may  cause  poisoning. 

The  louder  forms  of  plant  life,  especially  bacteria,  produce  an  eoctraxirdi' 
nary  variety  of  both  poisonous  and  non-poisonous  substances,  out  of  the  food 
material  in  which  they  develop.  Some  of  these  substances  are  similar  to 
the  vegetable  alkaloids,  others  to  the  ferments,  and  are  therefore  desig- 
nated toxic  cadaveric  alkaloids,  toxic  ptomains,  toxins,  and  toxenzymes  (com- 
l)are  §  11).  It  may  happen  that  the  blood,  flesh,  or  any  organ  of  a 
healthy  animal  may  acquire  poisonous  properties  through  the  presence 
in  it  of  poisonous  products  of  bacterial  growth.  Such  diseases  due  to 
bacterial  poisons  in  the  food  are  known  as  botulismus,  sausage,  meat,  fish, 
and  cheese  poisoning.  These  conditions  are  to  be  explained,  in  part,  by 
the  growth  of  bacteria  (B.  botulinus)  in  the  food-stuff  and  the  formation 
of  poisonous  products,  true  toxins  (§  11)  ;  in  part  by  the  fact  that  germs 
were  present  in  the  tissues  of  the  animal  before  death,  the  animal  being 
slaughtered  while  diseased,  and  the  use  of  its  flesh  as  food  causes  either 
poisoning  or  the  same  disease  as  that  affecting  the  animal.  Under  cer- 
tain conditions  foods  which  are  not  spoiled  may  already  contain  bacteria, 
and  these  may  develop  in  the  intestine  of  the  individual  eating  the  food 
and  cause  poisoning  through  the  production  of  toxins,  or  enzymes. 

According  to  Lombroso,  the  disease  pellagra,  which  is  of  common 
occurrence  in  Italy,  Boumania,  and  Greece,  is  caused  by  the  eating  of 
decomposed  corn.  The  disease  kakk^  or  beri-beri,  which  is  endemic  in 
Japan,  is  regarded  by  Miura  and  Yamagiva  as  due  to  the  extended  use 
of  rice  which  has  been  spoiled  in  drying. 

Among  the  animals  which  normally  produce  poisons  within  certain  tissues 
of  their  bodies,  the  best  known  are:  serpents,  toads,  salamanders,  fish, 
mussels,  oysters,  scorpions,  Spanish  flies,  and  many  stinging  insects. 

Certain  forros  of  sea-fish  are  poisonous  at  all  times,  others  only  at  certain  periods, 
and  observations  have  been  made  particularly  of  such  fish  found  in  Japanese  waters. 
According  to  Saotachenko,  the  poison  of  ma.ny  poisonous  fishes  is  secreted  by  certain 
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skin-gUnds  found  at  the  roots  of  the  dorsal  and  caudal  fins,  and  may  be  found  also  in  the 
eggs  of  such  fish.  According  to  Remy,  Miura,  and  TiUcesaki,  the  poison  is  secreted 
in  the  sexual  g^nds  alone  in  the  case  of  the  poisonous  fish  belonging  to  the  family 
Gymnodontes  (tetrodons).  According  to  Mosso,  there  is  found  in  the  blood-serum  of 
eels  a  toxic  substance  (ichthytoxin)  which,  when  introduced  into  the  small  intestine 
of  animals  experimentally,  causes  symptoms  of  poisoning  and  may  kill  the  animal. 
Aoooiding  to  Jf .  Wolff,  the  liver  of  mussels  (MytUus  edtuis)  contains  the  poison;  its 
action,  according  to  Schmidimannf  Virchaw,  Salkawski,  and  Brieger,  is  similar  to  that 
of  curare.  Briefer  has  also  shown  that  from  the  poisonous  mussels  there  can  be  ob- 
tained basic  substances  closely  related  to  ptomalns,  the  basic  products  of  decomposi- 
tion. To  what  extent  the  causes  of  the  production  of  poisons  in  poisonous  fishes  and 
moUusks  are  to  be  ascribed  to  nonnal  and  to  what  extent  to  pathological  processes  of 
life  cannot  at  the  present  time  be  always  decided.  From  the  fact  that  the  mussels 
and  oysters  are  poisonous  only  in  certain  places  where  the  water  is  impure,  and  as  the 
starfish  found  in  the  same  localities  are  similarly  affected,  it  is  probable  that  the  poison- 
ous action  of  these  moUusks  may  in  part  be  due  to  their  contamination  with  bacteria 
or  to  the  occurrence  of  certain  diseased  conditions. 

The  venom  of  aerpetUs  is  formed  exclusively  in  the  poison-? lands  lying  in  the  upper 
portion  of  the  comer  of  the  mouth.  It  is  a  green  or  yellowisn  fluid  and  its  activity  is 
not  influenced  by  drying  or  by  preservation  in  spirits. 

Snake  venom,  the  poison  of  spiders  and  toads  and  of  the  blood  of  the  eel  and  mwrana. 
ricin  (obtained  from  the  seed  of  the  castor-oil  6ean),  and  abrin  (from  the  seed  AbrtLspreca- 
torius)  show  properties  similar  to  those  of  the  bacterial  toxins  (compare  §11).  Snake- 
poison  and  that  of  the  blood  of  the  eel  have  also  a  hemolytic  action. 

It  is  difficult  to  give  an  exact  definition  of  poison  and  poisoning,  since  the  action 
of  the  substances  considered  in  this  connection  varies  greatly  according  to  the  dose  and 
attenuation,  as  well  as  the  method  of  introduction  into  the  tissues  of  the  body.  The 
most  powerful  poisons  when  introduced  in  minute  doses  may  not  only  be  harmless, 
but  may  exert  a  beneficial  or  curative  effect.  On  the  other  hand,  substances  which  are 
not  usually  classed  with  the  poisons,  such  as  the  non-corrosive  sodium  salts,  when  in- 
troduced mto  the  body  in  laive  quantities  or  in  concentrated  solutions,  may  produce 
effects  which  must  be  regarded  as  of  the  nature  of  poisoning.  Further^  poisons  in  cer- 
tain dilutions  (phenol)  may  serve  as  food-mat«rial. 

Literature. 

(Intoxication.) 

Bm2,  Bdhm,  Liebreich:  Arbeiten  deutsch.  Pharmakologen  a.  d.  J.  1865-1889,  Ber* 
lin,  1890. 

Frdhner:  Lehrb.  d.  Toxicologic  f.  Thierarzte,  Stuttgart,  1890. 

Hildebrandt:  Compendium  der  Toxicologic,  Freibuig,  1893. 

Kionka:  Veigiftungen.     Eigebn.  d.  allg.  Path.,  vi.,  Wiesbaden,  1901. 

Kobert:  Lehro.  der  Intoxicationen,  Stuttgart,  1898;  Compend.  d.  Toxicologic,  Stutt- 
gart, 1894. 

Koxikel:  Handb.  d.  Toxicologic,  i.,  Jena,  1899. 

Lewin:  Nebenwirkung  d.  Arzneimittel,  Berlin,  1899;  Die  Pfeilgifte.  Virch.  Arch.. 
138  Bd.,  1894;  Toxicologic,  Wien,  1897;  Cumulative  Wirkung.  Deut.  med. 
Woch.,  1899. 

Loew:  Natilrliches  System  der  Gifte,  Munchen,  1893. 

Oppenbeimer:  Toxine  u.  Antitoxine,  Jena,  1904. 

Boger:   Intoxications.     Path.  g^n.  publ.  par  Bouchard,  i.,  Paris,  1895. 

V.  Wyss:   Lehrbuch  der  Toxicologic,  Wien,  1895. 

(  Poisoning  by  Spoiled  Foods. ) 

Bertarelli:  Gegenw.  Stand,  der  Pellagrafrage.    Centbl.  f.  Bakt.,  xxxiv.,  1904. 
Bollinger:  Ueber  Fleischvergiftung.     Zur  Aetiologie  d.  Infectionskrankheiten,  Mun 

chen,  1881. 
Butter  u.  Huber:  Die  Massenerkrankungen  in  Wurzen,  1877.    Arch.  d.  Heilk.,  ^x. 
Ceni:  Gli  Aspergilli  nell'  Et.  della  Pellagra.     Riv.  sper.  di  fren.,  xxviii.,  1902. 
▼.  During:  PelUgra.    Eulenburg's  Realencyklop.,  xviii.,  1898. 
van  Ermengem:  Des  intoxications  alimentaires,  Bruxelles,  1895;  Botulismus.    Zeit. 

f.  Hyg.,  26  Bd.,  1897. 


POISONS.  21 

Flinzer:   Massenerkrankiing    in    Chemnitz,    1879.     Vierteljahrsschr.    f.   ger.   Med., 

xxxiv.,  1881. 
Husexnanzi:   Ostreismus  (Austemveiigiftung).     Euienbui^'s  Jahrb.,  vii.,  1897  (Lit.). 
Kaensc^e:  Krankheitserreger  bei  Fleischvergiftung.     Zeit.  f.  Hyg.,  xxii.,  1896. 
Lombroso:  Die  Lehre  von  der  Pellagra,  Berlin,  1898. 
Nauwerck:  Wurstvergiftung.     Deut.  med.  Wochenschr.,  1886;   Wurtt.  Correspbl.  f. 

Aerate,  1886. 
Scheube:  Die  Krankh.  d.  warmen  Lander,  Jena,  1903. 
SchneidemtUil:  Botulismus.    Centralbl.  f.  Bakt.,  xxiv.,  1898  (Lit ). 
Siedamgrotzky:  Ueber  Fleischvergiftung.     Vortr.  f.  Thierarate,  iii.  ser.,  2  H.,  1880. 
Silberschxnidt:  Fleischvergiftung.     Zeitschr.  f.  Hvg.,  30  Bd.,  1899. 
Vau^han:  Milk- and  Cheese-poisoning.     Zeit.  f.  pnys.  Chem.,  1886;  Joum.  of  Amer. 

Med.  Assn.,  1887. 
Yamagiva:  Zur  Kenntniss  der  Kakk^.     Virch.  Arch.,  156  Bd.,  1899. 

(^Animal  Poisons, ) 

Aron:  Experimen telle  Studien  Uber  Schlangengift.     Zeitschr.  f.  klin.  Med.,  1883. 
Arustamoff:  Ueber  die  Natur  des  Fischgiftes.    Centralbl.  f.  Bakt.,  x.,  1891. 
Brenning:  Die  Vergiftung  durch  Schlangen,  Stuttgart,  1895  (Lit.). 
Briefer:  Miesmuschelvei^ftung.     Biol.  Centralbl.,  vi.,  1886,  u.  Deut.  med.   Woch., 

1885. 
Calmette:  Venin  des  serpents.     Ann.  de  Tlnst.  Past.,  vi.,  1892;  viii.,  1894;  ix.,  1895. 
Fischel  u.  Enocli:  Zur  Lehre  von  den  Fischgiften.     Fortschr.  d.  Med.,  x.,  1893. 
Huaemann:   Fischgifte.    Eulenbuig's  Realencyklop.,  1895;  Schlangengifte,  i&.,  xxi., 

1899;  Thiergifte,  i6.,  xxiv.,  1900. 
Karlinski:   Zur  Pathologic  der  Schlangenbisse.     Fortschr.  d.  Med.,  viii.,  1890. 
Kaufmann:  Ueber  63  FUlle  von  Giftschlangenbissen.    Correspbl.  f.  Schweiz.  Aerzte^ 

1893. 
Lamb  and  Hanna:  The  Poison  of  Russell's  Viper.    Journal  of  Pathology,  viii.,  1902. 
Langer:  Das  Gift  der  Honigbiene.     Arch.  f.  exp.  Path.,  38  Bd.,  1897. 
▼.  LinBtow :   Die  Giftthiere,  Berlin,  1894. 

Lustig:  I  microoreanismi  del  Mytilus  edulis.     A.  p.  le  Scienze  Med.,  xii.,  1888. 
Mitchell:  Ri^earcbes  upon  the  Venom  of  the  Rattlesnake,  Washington.  1884. 
Mitchell  and  Beichert:  Venoms  of  Poisonous  Serpents,  Washington,  1886,  ref.  BioL 

Central.,  vii.,  1888. 
Miura  u.  Takesaki:  Zur  Localisation  des Tetrodon^tes.   Virch.  Arch.,  122  Bd.,  1890. 
Miura  u.  Sumikawa:  Schlangengift.    Centralbl.  fTallg.  Path.,  xiii..  1902. 
MoMO:  Un  venin  dans  le  san^des  mur^nides.    Arch.  it.  de  Biol.,  xii.,  1888;  u.  Arch. 

f.  exp.  Path.,  XXV.,  1888;  Du  venin  qui  se  trouve  dans  le  sang  de  I'aiguille.    Arch. 

it.  de  Biol.,  xii.,  1889. 
Nowak:   Et.  des  alt^r.  prod,  paries  venins  des  serpents  et  des  scorpions.    Ann.  de 

rinst.  Past.,  1898. 
Oppenheixner:  Toxine  imd  Antitoxine,  Jena,  1904. 

Bagotzi:  Wirkung  des  Giftes  der  Naja  tripudians.     Virch.  Arch.,  122  Bd.,  1890. 
Boger:  Intoxications.     Path.  g^n.  publ.  par  Bouchard,  i.,  Paris,  1895. 
SalkowBki:  Miesmuschelvergfftung.     Virch.  Arch.,  102  Bd.,  1885. 
Saotscheziko:  Atlas  des  poissons  v^n^neux,  St.  Petersbui^,  1887. 
Scheube:   Die  Krankheiten  der  warmen  Lander  (Ophidism us),  Jena,  1903. 
Schmidt:  Ueb.  d.  Natur  des  Fischgiftes.    Verhanal.  d.  X.  int.  med.  Congr.,  ii.,  Ber- 
lin, 1891. 
Starcke:  Gift  der  Larven  des  Kftfers  Diampfaidia  locusta  (Blut  aufldsendes  Pfeilgift 

der  Kalachari).     Arch.  f.  exp.  Path.,  38  Bd..  1897. 
Thesen:    Vei^giftung  durch  Muscheln.     A.  f.  exp.  Path.,  1902. 
Virchow,  Martens,  I«ohmeyer,  Scbulze,  u.  Wolff:  Miesmuschelvergiftung.  Virch. 

Arch.,  104  Bd.,  1886. 
Virchow:  Miesmuschelvergiftung.     Berl.  klin.  Woch.,  1885. 
VoUmer;   Ueb.  d.  Wirkung  d.  Brillenschlangengiftes.    Arch.  f.  exp.  Path.,  31  Bd., 

1892. 
Wehrmann:  Et.  du  venin  des  serpents.     Ann.  de  Tlnst.  Past.,  xii.,  1898. 
Wolff,  M.:  Miesmuschelvergiftung.     Virch.  Arch.,  103  Bd.,  1886;   u.   110  Bd.,  1887. 
Zardo:  Microoimnijime  isol^  du  N3rtilus.     A.  ital.  de  Biol.,  xxxvi.,  1901. 

See  }  12  for  literature  of  Ptomalns  and  Toxins. 


22  THE   EXTRINSIC   CAUSES   OF   DISEASE. 

§  7.  Poisons  may  be  divided  according  to  their  action  into  three 
groaps:  first,  those  producing  local  tissue-changes;  second,  those  acting 
injuriously  upon  the  blood;  third,  those  affecting  chiefly  the  nervous 
system  and  the  heart  without  producing  recognizable  anatomical  lesions. 

The  poisons  which  cause  marked  local  lesions  injure  primarily  the 
tissues  with  which  they  first  come  into  contact  upon  entering  the  body. 
If  such  poisons  are  diffused  by  means  of  the  body-fluids,  the  most 
diverse  organs  and  tissues  may  be  injured ;  but  their  action  is  usually 
limited  to  that  organ  in  which  they  are  stored  up  or  through  which 
they  are  excreted,  especially  the  liver,  intestine,  and  kidneys. 

The  primary  seat  of  injury  is  most  often  the  mucosa  of  the  upper 
portion  of  the  intestinal  tract  and  the  respiratory  passages,  but  in  many 
cases  the  skin  is  first  affected.  Very  frequently  poisons,  which  are  em- 
ployed for  disinfecting,  are  brought  into  contact  with  wounds  for  the 
purpose  of  killing  bacteria  or  preventing  their  growth,  and  in  this  way 
may  cause  local  changes  or  may  be  absorbed  and  damage  the  internal  or- 
gans or  the  entire  body. 

The  first  great  group  of  poisons  belonging  to  this  class  are  those  which 
cause  marked  tissue-changes  at  the  primary  point  of  contact,  which  are 
similar  to  those  of  bums,  and  for  this  reason  have  been  designated 
caustics  or  corrosives.  If  the  action  of  a  caustic  reaches  its  most  char- 
acteristic severity,  the  affected  tissue  will  be  wholly  destroyed  and  con- 
verted into  either  a  dry,  hard  eschar,  or  under  certain  conditions  into  a 
moist,  soft  slough.  If  the  action  is  of  moderate  intensity  as  the  result  of 
a  less  concentrated  solution  of  the  caustic  agent,  or  of  incomplete  action 
of  the  chemical  even  when  applied  in  strong  solution  or  in  substance, 
or  because  the  tissue  itself  is  more  resistant  as  in  the  case  of  the  skin,  the 
changes  produced  are  much  less  severe,  and  are  characterized  by  red- 
ness, swelling,  inflammation,  and  hemorrhages.  Very  diverse  changes 
are  often  found  in  the  same  organ,  such  as  local  sloughing  (neoroBes), 
hsBmorrhages,  inflammations,  and  small  swellings  due  to  local  h3^per8Bmia. 
If  the  changes  have  existed  for  some  time,  &e  local  eschars  are  sur- 
rounded by  a  more  or  less  marked  inflammatory  zone»  which  in  the  case 
of  certain  caustics  may  be  of  very  limited  exent. 

The  substances  belonging  to  the  class  of  caustic  poisons  are:  first,  the  corrosive 
adds,  sulphuric,  nitric,  hydrochloric,  phosphoric,  oxalic,  arsenic,  arsenious,  osmic, 
acetic,  lactic,  trichloracetic,  carbolic,  and  salicylic  acids;  and  further,  the  corrosive 
combinations  of  the  alkalies  and  aUcaline  earths,  potassium  and  sodium  hydroxide 
(watery  solutions  of  KOH  and  NaOH),  caustic  ammonia  (solution  of  NHs  in  water), 
ammonium  carbonate,  caustic  lime,  and  barium  sulphate.  Belonging  in  this  class 
are  also  certain  corrosive  salts,  chiefly  of  the  heavy  metak,  such  as  salts  of  antimony 
(tartar  emetic  and  antimony  trichloride),  salts  of  mercury  (corrosive  sublimate  and 
red  precipitate),  nitrate  of  silver,  zinc  chloride,  zinc  sulphate,  copper  sulphate  and 
copper  acetate,  aluminum  acetate,  potassium  chromate  and  bichromate,  and  chloride 
of  iron. 

The  poisons  belonging  to  this  doss  derived  from  animals  are:  cantharidin,  from  the 
beetle  Lytta  vesicatoria;  phrynin,  the  secretion  from  the  cutaneous  glands  (parotid) 
of  the  toad;  the  secretions  from  the  poison-glands  of  snakes  and  scorpions;  the  secre- 
tion of  the  sting-gland  of  bees,  wasps,  and  hornets;  the  secretion  of  the  salivary  glands 
of  stinging-gnats,  flies,  and  gad-flies;  and  the  secretion  of  the  poison-glands  of  the 
maxillary  palpe  of  spiders  (tarantula) — all  of  which  cause  local  necrosis,  or  hsemorrhage 
and  inflammation.  Many  of  the  higher  plants  produce  in  their  blossoms,  seeds,  stems,  or 
roots  substances  which,  when  brought  into  contact  with  the  tissues,  cause  local  irrita- 
tion and  inflammation,  as,  for  example,  daphne,  diflerent  forms  of  RanunciUus,  varie- 
ties of  anemone.  Primula  obconica  (pubescent  portion),  marsh-marisold.  different 
varieties  of  CoZJd,  dragon-root,  Croton  tiglii  (from  the  seeds  of  whicn  croton-oil  is 
obtained),  buckthorn  Qthamnus  oaihartica),  black  elder  (Rhamnus  frangttla). 

The  nature  of  the  local  changes  which  these  substances  and  many  others  not 
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mentioned  here  produce  is  naturally  very  varied,  and  is  dependent  partly  upon  the 
activity  of  the  poison,  and  partly  upon  the  location  and  manner  of  application.  The 
mineral  acids,  solutions  of  caustic  potash  and  mercuric  chloride,  when  concentrated, 
cause  marked  tissue-eschars,  associated  with  ha*morrha^ic  inflammations,  especially 
when  taken  into  the  stomach.  Through  the  action  of  acids  there  is  a  marked  with- 
drawal of  the  alkaline  constituents  of  the  body  fluids,  leading  to  disturbances  of  res- 
piration and  circulation.  The  venom  of  snakes  causes  usually  severe  local  inflamma- 
tions and  haemorrhages,  which  often  extend  far  beyond  the  region  of  the  bite,  and 
sometimes  may  cause  also  a  widespread  gangrene.  There  are  also  snake-venoms 
which  produce  only  insigniflcant  local  changes,  the  general  symptoms  of  poisoning 
being  much  more  prominent.  The  volatile  or  gaseous  poisons,  which  in  the  form  oi 
gas  or  vapor  cause  local  irritation  of  the  tissues,  affect  chiefly  the  mucous  membranes 
of  the  eye  and  respiratory  tract  {irrespirable  ^ases).  To  this  class  belong  especially 
the  fumes  of  ammonia,  chlorine,  sulphurous  acid,  nitric  oxide,  nitric  dioxide,  nitric  tn- 
oxide,  osmic  acid,  formalin,  and  mustard-oil.  The  intensity  of  action  of  these  poisons 
is  very  varied,  often  causing  only  a  transitory  hypersemia.  but  being  able  also  to  give 
rise  to  tissue  necrosis  and  severe  inflammation.  The  irritation  of  the  respiratory  tract 
gives  rise  to  coughing  and  a  spasmodic  narrowing  of  the  glottis  which  may  interfere 
with  breathing. 

To  the  local  irritation  and  inflammation  caused  by  these  poisons  at  the  primary 
s?at  of  contact  may  be  added  further  effects  upon  internal  organs.  After  the  absorption 
of  these  poisons  into  the  fluids  of  the  body,  those  oi^ns  suffer  most  in  which  the 
poison  is  stored  up  or  elaborated,  though  organs  of  the  most  varied  structure  may  be 
affected,  as  well  as  those  not  concerned  in  the  excretion  of  the  poison.  In  the  case 
of  certain  poisons,  the  changes  at  the  point  of  entrance  are  very  slight  and  often  not 
recognizable,  the  important  anatomical  lesions  occurring  first  in  other  tissues,  to  which 
the  poison  has  been  carried  by  the  blood.  Finally,  a  ^iven  poison  may  act  also  as  a 
nerve  and  heart  poison,  so  that  clinically  the  efifects  of  this  action  are  mucli  more  promi- 
nent than  the  local  lesion.  In  poisoning  with  corrosive  sublimate,  cell  necrosis  takes 
place  in  the  secreting  part  of  the  kidneys,  and  there  is  also  severe  inflammation  of  the 
colon.  The  salts  of  chromic  acid,  cantharidin,  and  many  acids  cause  more  or  less  marked 
degeneration  and  inflammation  in  the  secreting  portion  of  the  kidney  and  in  the  urinary 
passages. 

Phosphorus,  arsenic,  antimony,  and  puleaon,  which  have  but  slight  corrosive 
action,  produce  tissue-degenerations,  particularly  fatty  degeneration,  and  also  haemor- 
rhages, in  the  kidneys,  liver,  heart,  muscles,  bone-marrow,  and  capillaries  of  different 
organs,  these  changes  being  particularly  marked  in  cases  of  phosphorus  poisoning. 
According  to  Meyer,  the  cause  of  the  tissue-degenerations  in  phosphorus  poisoning  is 
to  be  sought  in  its  action  upon  the  cardiac  nervous  system  and  the  consequent  dis- 
turbances of  circulation.  Tischner  believes  that  there  is  a  lesion  of  the  peripheral 
nervous  system. 

If  an  indi\adual  is  exposed  for  months  or  years  to  the  fumes  of  yellow  phosphorus, 
there  may  take  place  an  inflammation  of  the  jaw  bones  leading  to  necrosis,  but  only 
when  the  occurrence  of  inflammatory  changes  is  favored  by  other  causes,  such  as 
putrid  decomposition  in  the  mouth  or  the  presence  of  decaying  teeth. 

The  long-continued  use  of  silver  nitrate  may  be  followed  by  a  deposit  of  black 
granules  of  silver  in  the  most  diverse  tissues,  the  skin,  kidneys,  intestinal  villi,  and  the 
choroid  plexus. 

The  venom  of  snakes  possesses,  in  addition  to  its  local  effects,  a  paralyzing  action 
upon  the  nervous  system  and  heart,  and  may  cause  death  through  paralysis  of  the 
respiratory  centre. 

Soluble  salts  of  lead  when  ingested  may  cause  irritation  and  inflammation  of  the 
intestine,  with  such  symptoms  as  vomiting,  diarrhoea,  constipation,  cramps  in  the 
stomach,  associated  with  such  nCrvous  phenomena  as  ansesthesia,  motor  paralysis, 
convulsions,  vertigo,  and  loss  of  consciousness.  When  ingested  continuously  for  a 
long  time,  lead  gives  rise  to  ansemia  {J ores),  general  disturbances  of  nutrition,  intes- 
tinal colic,  pains  in  the  limbs,  anaesthesia,  motor  paralysis,  cerebral  disturbances,  and 
kidney  disease.  These  disturbances  are  without  doubt  dependent  upon  the  distribu- 
tion and  deposit  of  lead  throughout  the  body,  leading  to  anatomical  lesions  of  varied 
nature. 

The  active  principles  of  eroot  (Secale  comutum),  sphacefinic  acid  and  comtUin, 
when  taken  in  large  doses,  or  when  repeatedly  eaten  in  bread,  cause  itching,  pain,  and 
cramps  in  the  limbs,  followed  by  numbness  and  feeling  of  cold  in  the  toes  and  finger 
tips,  and  finally  there  may  also  occur  a  more  or  less  extensive  gangrene  of  these  parts 
{ergotism,  **Kribbelkrankheit'');  at  the  same  time  ulceration  of  the  intestine  may 
occur.  In  cases  of  chronic  poisoning,  degenerations  of  the  spinal  cord  take  place 
{Tucgek),    The  feeding  of  chickens  with  ergot  causes  gangrene  of  the  comb  through 
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the  production  of  stasis  and  hyaline  thrombosis  in  the  blood-vessels.  In  animals  fed 
for  a  long  time  with  ei^got  degenerative  changes  are  found  in  the  central  and  peripheral 
nervous  system,  in  the  blood-corpuscles,  and  in  the  endothelium  of  the  blood-vessels 
(Grigorjeff), 
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§  8.  The  pomms  which  affect  the  blood  chiefly,  and  are  therefore  termed 
blood-poisons,  are  partly  gases  and  partly  fixed  substances.  The  latter 
are  absorbed  chiefly  from  the  intestine,  but  they  may  also  enter  the  body 
through  wounds,  or  they  may  be  injected  directly  into  the  blood-vessels. 
Some  of  the  blood-poisons  may  also  produce  local  lesions  in  the  tissue  at 
point  of  entrance;  further,  thei'e  may  be  joined  to  the  action  on  the 
blood  a  direct  effect  upon  the  nervous  system,  which  under  certain  con- 
ditions may  cause  death  before  the  action  upon  the  blood  is  recogniz- 
able. Finally,  it  should  be  emphasized  that  the  blood-changes  produced 
by  the  poison  may  cause  numerous  secondary  changes  in  different  or- 
gans, for  instance,  in  the  kidneys,  liver,  intestine,  and  brain. 

Carbon  monoxide,  hydrocyanic  aeid^  potamum  cyanide,  and  hydrogen 
mlphide  form  combinations  with  haemoglobin  giving  rise  to  carbon-mon- 
oxide-hffimoglobin,  cyan-methsemoglobin,  and  sulphur-methsemoglobin, 
thereby  inhibiting  or  destroying  the  functional  capacity  of  the  red  blood- 
cells.  They  also  produce  an  effect  upon  the  nervous  system  which  is 
most  marked  in  the  case  of  hydrocyanic  acid  and  potassium  cyanide. 
These  poisons  in  very  small  doses  paralyze  the  central  nervous  system, 
producing  death  almost  immediately  through  paralysis  of  the  centres  of 
respiration  and  circulation. 

Patamum  chlorate,  toluylendiamin,  hydrazin^  nitrobenzol,  nitroglycerin, 
amyl  mtrite,  picric  acid,  phaUin  (a  poison  obtained  fi'om  the  mushroom, 
Agaricus phaUoides),  hdvellic  acid  (poison  of  Helvella  escul^nta),  extractum 
JUicis  maris  cethereum,  arseniuretted  hydrogen,  and  other  substances  cause 
destruction  and  hemolysis  of  the  red  blood-cells  and  lead  in  part  to  the  for- 
mation of  methtemoglobin,  that  is,  to  an  oxygen  combination  of  hsemo- 
globin,  the  oxygen  content  of  which  is  the  same  as  that  of  oxyhjemo- 
globin,  but  in  which  the  oxygen  is  bound  more  firmly  than  in  the  latter. 

Certain  bacterial  products  which  are  called  bacterial  hcemolysins  have 
also  a  specific  action  upon  the  red  blood-cells,  leading  to  the  production 
of  hsemoglobincemia.  The  best  known  are  those  occurring  in  infec- 
tions with  the  tetanus  bacillus  and  staphylococcus  and  are  known  as 
tetanolysin  and  staphylolysin. 

When  the  blood  of  an  animal  is  introduced  into  the  blood  stream  of 
man  or  of  an  animal  of  another  species,  specific  hasmoly sins  become  active, 
that  is,  poisons  which  cause  haemolysis  of  the  foreign  red  blood-cells. 

Carbon-monoxide  poisoning  most  often  results  from  the  carbon  monoxide  in  coal- 
or  iUuminating-gas,  but  may  occur  under  other  conditions,  as  in  the  case  of  vapors 
produced  by  gun-powder  or  gun-cotton.  The  effects  of  the  inhalation  of  carbon  mon- 
oxide result  from  the  combination  of  the  gas  with  the  hemoglobin  of  the  blood  and 
the  formation  of  carbon-monoxide-hsemoglobin.  The  amount  of  oxygen  combined  with 
the  haemoglobin  is  thereby  decreased,  and  the  taking  up  of  oxygen  is  reduced,  even 
when  the  respired  air  contains  only  0.05  per  cent  or  even  0.02  per  cent  of  CO  (Gruber). 
The  red  blood-cells  themselves  present  no  changes.  A  rapid  supply  of  carbon  monoxide 
to  the  nervous  system  may  cause  direct  injurv  to  the  nerves,  giving  rise  to  convulsions 
and  later  to  paralysis  (jGeppert).  In  cases  of  long-continued  poisoning  the  displace- 
ment of  the  oxygen  from  the  greater  portion  of  the  red  cells  leads  to  tissue-asphyxia. 
If  the  affected  mdividual  does  not  die,  there  may  result,  in  addition  to  the  poisoning, 
severe  disturbances  of  nutrition,  occurring  especially  in  the  nervous  system.  The 
poisoning  itself  is  characterized  b]^  headache,  tinnitus  aurium.  vertigo,  malaise,  vomit- 
ing, fainting,  convulsions,  paralysis,  and  coma.  The  blood,  as  a  result  of  the  presence 
of  carbon  monoxide,  becomes  a  bright  violet  or  cherry-red  color,  so  that  the  hypersemic 
skin  and  internal  or^^ns  also  appear  bright  red. 

Hydrocyanic  acid  (CNH)  is  found  in  unstable  combination  in  the  leaves,  bark,  and 
seeds  of  many  plants  (bitter  almonds,  cherry-  and  peach-stones,  apple-seeds,  leaves  of 
the  laurel,  bark  of  Prunus  padua,  tubers  of  many  of  the  Euphorbiaoese,  flaxseed,  etc.). 
PoUusium  cyanide  (CNK)  is  used  in  many  of  the  technical  arts.    The  action  of  both 
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of  these  poisons  upon  the  blood  is  the  formation  of  cyanmethsemoglobin,  which  gives 
the  blooa  a  bright  red  color  and  produces  a  bright  red  post-mortem  lividity. 

Hydrogen  sulphide  (H%S)  is  a  constituent  of  the  gas  of  sewers  and  dung-pits.  When 
inhaled  in  large  amounts,  it  may  cause  sudden  death  from  paralysis  of  the  nervous 
system.  When  hydrogen  sulphide  is  for  some  time  brought  into  xx>ntact  with  blood 
containing  oxygen  (as  is  usually  the  case  in  decomposing  cadavers),  a  sulphur-meths- 
moglobin  is  formed,  which  gives  to  the  blood  a  greenish  color. 

The  poisons  that  dissolve  the  red  blood-cells,  in  part  with  the  formation  of  methsemo- 
globin,  belong  partly  to  the  oxidizing  substances  (ozone,  iodine,  sodium  hypochloride, 
chlorates,  nitrites,  and  nitrates);  partly  to  the  reducing  agents  (nascent  hydrogen, 
palladium  hydride,  pyrogallol,  pyrocatechin,  hydrochinon,  and  alloxan  thin);  also 
and  partly  to  substances  which  have  neither  a  reducing  nor  oxidizing  action  (saiu  of 
aniline  and  toluidin,  acetanilid).  In  the  transformation  of  hsemoglobin  into  methip- 
moglobin  through  oxidizing  substances,  oxyhaemoglobin  is  present  as  an  intermediate 
stage. 

The  formation  of  methsmoglobin  can  occur  either  in  the  red  blood-cells  or  in  the 
hemoglobin  which  has  escaped  into  the  blood-plasma;  but  the  destruction  of  the  blood- 
cells  and  the  escape  of  hsemoglobin  into  the  plasma  are  not  always  followed  by  the 
formation  of  met  hsemoglobin.  In  the  case  of  a  marked  destruction  of  red  cells,  as  in 
poisoning  from  phallin,  helvellic  acid,  arseniuretted  hvdrogen,  only  a  portion  of  the 
nsemogloDin  is  cnanged  into  methsmoglobin.  Hsemoglobin  and  oxyhemoglobin  have 
a  red  color,  methemoglobin  a  sepia-brown. 

Dissolution  of  the  red  blooa-cells  and  the  formation  of  methsemoglobin  occur  in 
the  case  of  a  part  of  those  poisons  causing  local  tissue-changes,  as  in  poisoning  with 
acids,  metallic  salts,  phosphorus,  arsenic,  and  snake-venom. 

Very  large  doses  of  potassium  chlorate  {C10»K)  may  cause  death  in  a  few  hours 
through  the  destruction  of  red  blood-cells  and  the  action  of  the  potassium,  with  the 
occurrence  of  vomiting,  diarrhoea,  dyspnoea,  cyanosis,  and  cardiac  insufficiency.  The 
blood  becomes  chocolate-brown  in  color.  In  more  protracted  cases  of  poisoning 
through  smaller  doses,  products  of  blood  destruction  are  found  in  the  spleen,  liver, 
bone-marrow,  and  kidneys;  and  the  urine  may  show  a  brown-red  to  black  color  (met- 
hsemoglobin).  Delirium,  numbness,  coma,  and  convulsions  occur  during  the  course  of 
the  intoxication,  showing  that  the  central  nervous  system  suffers  severely.  PyrogaUol 
(CtHtlOH]^)  produces  similar  effects;  hydrazin  {H^N — NH^)  and  phenylnydrazin 
cause,  in  addition  to  hemolysis  and  the  formation  of  methaemoglobin,  multiple  throm- 
boses. In  poisoning  with  toluylendiamin  (CeHtlNHi^iCHa)  tne  chief  action  is  the 
destruction  of  red  blood-cells  leading  to  deposits  of  iron-containing  pigment  in  the 
spleen,  liver,  and  bone-marrow.  In  cats  methsemctfclobin  may  be  excreted  through  the 
urine  {Biondi).  In  poisoning  with  picric  acid  {CtHifNOi]  ^^OH)  there  occurs,  in  addition 
to  the  blood  changes  and  the  formation  of  met  hemoglobin,  a  severe  irritation  of  the 
central  nervous  system  finding  expression  in  violent  convulsions.  Aniline  (CtHtNHt) 
acts  in  a  similar  manner,  and  carbon  bisulphide  (C.S»)  not  only  produces  changes  in  the 
blood  but  also  irritates  and  causes  paralysis  of  the  central  nervous  system. 

According  to  Robert,  ridn  derived  from  the  seeds  of  the  castor-bean,  and  dbrin 
from  the  seeds  of  €U>rus  preeatorius,  should  be  classed  with  the  blood-poisons,  in  that 
in  the  test-tube  they  cause  an  agglutination  of  the  red  cells  and  the  formation  of  a 
llocculent  precipitate.  In  animals  poisoned  experimentally,  local  irritations,  tissue- 
degenerations  and  inflammations,  similar  to  those  caused  by  certain  bacterial  toxins,  are 
produced,  as  well  as  disturbances  in  the  centres  of  the  medulla  oblongata,  leading  to 
cessation  of  respiration  with  progressive  falling  of  blood-pressure.  Tissue-degenera- 
tions, inflammation,  and  hemorrhage  are  found,  after  longer  action,  at  the  point  of 
application  and  in  the  intestine,  where  the  poison  is  excreted.  Degenerative  changes 
are  also  found  in  lymphocytes,  liver  and  kidiiey  cells,  and  heart  muscle. 

Literature. 

(Blood- Poisons ;  AhHnand  Eicin.) 

Afanasiew:  Vergiftung  niit  Toluylendiamin.     Zeitschr.  f.  klin.  Med.,  6  Bd.,  1883. 
Belky:  Zur  Kenntniss  der  Wirkung  dcr  gasfOrmigcn  Qifte.    Virch.  Arch.,  106  Bd., 

1886. 
Berkley:  Ricin-poisoning.    Trans,  of  the  Path.  Soc.  of  Philadelphia,  xviii.,  1898. 
Biondi:  Experimentelle  Untersuchungen  Uber  Hllmatolyse.    Beitr.  v.  Ziegler,  XTiil, 

1895. 
BOhm  u.  XtOa:  Gif tiger  Bestandtheil  d.  Morchel.    Arch.  f.  exp.  Path.,  19  Bd.,  1885. 
Bostroem:  Intoxication  durch  die  essbare  Morchel,  Leipzig,  1882. 


NERVE-  AND    HEART-POISONS.  27 

Cramer:  Befund  im  Gehim  bei  Kohlenoxydvergiftung.    Central bl.  f.  alle.  Path.,  iv., 

1894. 
Cruz:  Alt.  hist,  dans  Tempois.  par  la  ricine.     Arch,  de  m^d.  exp.,  xi.,  1899. 
Dittrich:  Uebcr  methamoglobinbildende  Gifte.     Arch.  f.  exp.  Path.,  29  Bd.,  1892. 
Dreaer:  Zur  Toxikologie  des  Kohlenoxyds.     Arch.  f.  exp.  Path.,  29  Bd.,  1891. 
Falkenberg:  Vergift.  durch  Anilin,  chloraaure  Salze  u.  Sublimat.    Virch.  Arch.,  123 

Bd..  1891. 
Flezner :  Hist.  Chang,  prod,  by  Ricin  and  Abrin.    Jour,  of  Exp.  Med.,  1897,  rcf.  Cent. 

f.  a.  Path..  1899. 
Georgiewsky :  Wirkung  des  Extract,  filicis  maris  aeth.    Beit,  von  Ziegler,  xxi v. ,  1898. 
Geppert:  Ueber  das  Wesen  der  Blausaurevergiftung.    Zeitschr.  f.  klin.  Med.,  15  Bd., 

1889. 
Geyer:  Chron.  Hautyer&nderungen  bei  Arsenicismus.     Arch.  f.  Derm.,  43  Bd.,  1898 

(Lit.). 
Heinz:  Blutdegencration   u.  Regeneration.    B.  v.  Ziegler,  xxix.,  1901;  Exp.  Path.  I., 

Jena,  1904. 
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Silbermann:  Blutgerinnung  durch  chlors.  Salze,  Arsen,  Phosphor,  etc.    Virch.  Arch., 
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§  9.  The  last  group  of  poisons,  generally  classed  together  as  nerve 
and  heart  poisons,  is  characterized  chiefly  by  the  fact  that,  in  spite  of  the 
severity  of  the  symptoms,  as  shown  in  the  form  of  irritations  and  paraly- 
ses, anatomical  changes  either  cannot  be  recognized  at  all  or  are  confined 
to  structural  changes  in  the  protoplasm  of  individual  nerve-cells,  which 
are  of  similar  character  in  the  case  of  different  poisons.  This  is  espe- 
cially the  case  when  the  poison  is  quickly  fatal,  while  if  the  poisoning 
runs  a  protracted  course,  or  in  the  case  of  chronic  poisoning  from  small 
doses,  extending  over  months  and  years,  there  are  very  often  found 
marked  anatomical  changes — a  fact  which  may  be  taken  as  evidence  that 
these  poisons  do  not  produce  solely  functional  disturbances  of  the  ner- 
vous system,  but  cause  injury  to  the  cell-protoplasm  which  may  be  mani- 
fested in  the  form  of  degenerations. 

Of  the  very  great  number  of  paUans  which  act  especwUy  upon  the  ner- 
vous system  and  may  cause  death  through  its  paralysis,  the  most  impor- 
tant are:  chloroform,  chloral  hydrate,  alcohol,  ether,  opium  and  its 
alkaloid  morphine,  cocaine,  atropine,  hyoscyamine,  daturine  (stramoni- 
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um-atropine),  nicotine,  coniine,  cicutoxin,  santonin,  qninine,  veratrine, 
colchicine,  aconitine,  strychnine,  cytisin,  eurariue,  and  sainandariue 
(salamander-poison). 

Of  the  heart-poisons,  digitalin,  helleborin,  moscarine,  and  pbrynin 
(poison  of  toads)  are  of  special  importance. 

Chloroform  (CHOlt),  when  applied  directly  to  the  mucous  membranes,  causes 
local  irritation  and  may  produce  transitory  inflammation.  When  conveyed  to  the  blood 
through  inhalation  or  b^  absorption  from  the  intestinal  tract,  it  gives  rise,  after  a 
short  period  of  stimulation,  to  a  condition  of  diminished  irritability  of  the  cerebral  gray 
and  white  matter.  According  to  Bim,  the  protoplasm  of  the  ganglion-cells  suffers  a 
slight  coagulation.  Death  may  be  caused  by  paralysis  of  the  central  nervous  system, 
as  well  as  by  a  premature  heart-failure :  the  latter,  however,  occurring  only  when  tbe 
heart  is  abnormally  weak  or  degenerated.  Certain  individuals  show  an  especial  sus- 
ceptibility to  the  action  of  chloroform.  The  long-continued  use  of  chloroform  may 
cause  degenerative  changes  in  different  organs,  as  the  heart,  kidneys,  liver,  muscles, 
and  blood. 

JSiher  (diethyl  ether  CtUiOCiHt)  acts  similarly  to  chloroform,  but  is  less  poisoDous, 
and  acts  less  detrimentally  upon  the  heart. 

NitrotiB  oxide  (N%0)  acts  chiefly  upon  the  cerebrum,  lowers  the  sensibility  of  pain. 
and  paralyzes  consciousness;  later,  the  action  may  extend  to  the  spinal  cord,  the 
medulla  oblongata,  and  the  heart. 

Alcohol  (CtHtOH),  after  a  transitory  stimulation,  has  a  depressing  and  paralyzing 
action  upon  the  brain,  at  the  same  time  causing  a  dilatation  of  the  arteries  of  the  skin, 
so  that  in  intoxicated  individuals  severe  chilling  through  the  skin  may  easily  occur. 
Death  may  take  place  suddenly,  with  symptoms  similar  to  those  of  apoplexy ;  more 
frequently  there  is  a  gradual  loss  of  consciousness  and  of  sensory  perception,  the  respira- 
tion becomes  slower,  the  pulse  small,  the  face  cyanotic;  complete  coma  and  general 
paralysis*  forming  the  closing  symptoms.  The  immoderate  use  of  alcohol  for  months 
or  years  may  cause  degenerative  atrophies  of  liver  and  kidneys  associated  with  increase 
of  connective  tissue;  further,  sclerosis  and  atheroma  of  the  arteries,  degeneration  of  tbe 
brain,  etc.,  are  ascribed  to  the  action  of  alcohol.  At  the  present  time  it  is  impossible 
to  say  in  what  manner,  how  often,  and  to  what  extent  these  changes  are  dependent 
upon  the  use  of  alcohol.  Much  is  ascribed  to  the  action  of  alcohol  that  is  not  in  any 
way  caused  by  it  and  is  due  wholly  to  the  action  of  other  injurious  agents.  It  is  cer- 
tain, however,  that  drunkards  suffer  frequently  from  disturbances  of  digestion  and 
circulation,  catarrhal  inflammations  of  pharynx,  larynx,  and  bronchi,  and  disturbances 
of  cerebral  function ;  and  that  the  disease  of  the  brain  known  as  delirium  tremens, 
which  is  characterized  by  general  muscular  tremors,  obstinate  insomnia,  anxiety,  and 
hallucinations,  is  especially  to  be  ascribed  to  alcoholism. 

CJUorai  hydrate  {CGUCIlOMtO)  causes  local  irritation  of  mucous  membranes,  and 
through  the  blood  produces  paralysis  of  the  brain,  spinal  cord,  and  heart,  and  thus  in- 
duces sleep.  In  fatal  doses,  death  follows  deep  coma  as  a  result  of  opdema  of  the  lungs 
due  to  the  general  relaxation  of  the  tissues. 

Opium  and  Morphine  {diHi^NOx)  depress  the  cerebral  functions,  thereby  inducing 
sleep;  in  individual  cases  there  may  be  a  preceding  period  of  stimulation.  Large  doses 
lead  to  unconsciousness,  paralysis  of  muscles,  slowing  and  weakening  of  the  heart's 
action,  contraction  of  the  pupils,  slowing  of  intestinal  peristalsis,  diminution  in  the  ex- 
change of  gases  in  the  blood  dependent  upon  diminished  excitability  of  the  respiratory 
centre.  There  is  no  characteristic  autopsy  finding ;  the  blood  is  usually  dark  and  fluid. 
The  chronic  use  of  opium  may  give  rise  to  digestive  disturbances,  emaciation,  vertigo, 
sleeplessness,  neuralgias,  imbecility,  impotence,  weakness  of  the  bladder,  hallucination, 
tremors  of  the  han(&  and  feet,  fever,  etc.,  yet  these  symptoms  may  vary  much  in 
different  individuals.  In  chronic  morphinism  the  organism  becomes  accustomed  to 
increasingly  larger  doses;  withdrawal  of  the  drug  causes  severe  nervous  distiu-bances, 
and  under  certam  conditions  dangerous  collapse. 

Cocaine  (drflii-A^OO  produces  peripherally  a  dulling  of  the  excitability  of  tbe 
sensory  nerve-endings;  centrally,  first  a  stimulation  and  later  a  paralysis.  ^  The  chronic 
use  of  cocaine  gives  rise  to  symptoms  similar  to  those  of  chronic  morphinism. 

Atropine  and  hyoeeyamine  (CuiTasiVOi),  the  alkaloids  which  are  found  in  the 
Solanaceee  (deadly  nightshade,  thomapple,  and  henbane),  cause  paralysis  of  the  periph- 
eral nerve-organs  and  a  central  stimulation,  followed  later  by  paralysis.  Solutions 
of  atropine  introduced  into  the  eye  produce  dilatation  of  the  pupil  and  paralysis  of  ac- 
commodation for  near  vision,  through  its  paralyzing  action  on  the  endings  of  the  motor 
oculi  in  the  iris.  Atropine  may  further  cause  suppression  of  the  secretion  of  certain 
glands  (as  the  submaxillary) ;  it  also  inhibits  intestinal  peristalsis.  As  a  result  of  the 
action  of  this  poison  upon  the  brain,  a  condition  of  excitement,  gayety,  inclination  to 
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lAugb,  leading  even  to  insanity  and  frenzy,  may  be  produced,  followed  by  paralysis. 
The  autopsy  Endings  are  negative. 

Nicotine  (CioJIuNt),  a  volatile  alkaloid  found  in  the  tobacco  plant,  acts  upon  both 
peripheral  and  central  nervous  systems,  causing  nausea,  salivation,  vomiting,  diarrhoea, 
vertigo,  muscle- weakness,  headache,  convulsions,  delirium,  and  paralysis.  Chronic 
nicotine  poisoning  may  give  rise  to  nervous  affections  and  disturbances  of  the  heart's 
action. 

Oomine  {C%HnN),  the  alkaloid  present  in  hemlock,  causes  paralysis  of  the  periph- 
eral motor  nerve-endings,  first  stimulating  and  then  paralyzing  the  central  nervous 
system.  Cicutoxin,  a  poisonous  resin  obtained  from  the  water-hemlock  {Cieuta  virosa) 
produces  nausea,  vomiting,  attacks  of  colic,  cardiac  palpitation,  convulsions,  and  un- 
consciousness. 

Santonin  {dtllxtOt)  causes  convulsions  by  its  action  on  the  brain  and  spinal  cord, 
with  benumbing  of  the  sensorium,  vertigo,  vomiting,  salivation,  and  yellow  vision  or 
xanthopsia,  in  which  white  is  seen  as  yellow  and  blue  as  green. 

Quinine  {d^H^iNtOtX  the  most  important  of  the  numerous  alkaloids  contained  in 
the  bBLTk  of  cinchona  and  other  closely  related  plants,  has  a  paralyzing  action  upon 
living  protoplasm,  and  in  relatively  small  doses  lowers  the  functional  capacity  of  the 
brain.  Large  doses  produce  death  through  paralysis  of  the  centre  of  respiration  and  of 
the  heart. 

Aeonitine,  eoUJUeine,  and  veratrine  produce  local  irritations  and,  later,  benumbing 
of  the  peripheral  endings  of  the  sensory  nerves.  On  the  central  nervous  system  they 
have  first  a  stimulating  action,  later  a  paralyzing. 

Strychnine  {C%iH^%N%0%),  obtained  chiefly  from  the  plant  nux  vomica,  causes  an 
increased  reflex  excitability  of  the  nerve  centres,  so  that  the  slightest  external  stimu- 
lus may  produce  tetanic  convulsions.  Death  may  occur  in  from  ten  to  thirty  minutes 
after  the  first  convulsion,  and  is  the  result  of  central  paralysis,  namely,  of  the  vaso- 
motor centre. 

Curarine  (Gi9BtsN),  the  active  principle  of  the  arrow -poison  curare,  is  probably 
derived  from  the  cortical  portion  of  the  roots  of  different  plants  of  the  strychnia  family. 
When  used  in  small  doses  it  paralyzes  the  endings  of  the  motor  nerves  of  the  muscles. 
Larger  doses  cause  paralysis  of  the  central  nervous  system  and  of  the  vasomotor 
nerves,  after  a  temporary  stimulation. 

Digitalin  and  digitalein,  two  glucosides  obtained  from  the  foxslove,  act  as  local 
irritants ;  after  absorption  they  stimulate  the  heart,  vagus-centre,  and  the  musculature 
of  the  blood-vessels,  so  that  with  a  slowing  of  the  heart-beats  there  is  an  increase  of 
blood-pressure.  Large  doses  cause  headache,  delirium,  tinnitus  aurium,  irregular  in- 
crease in  the  frequency  of  the  heart's  action,  convulsions,  and  coma. 

IleUetHyrin,  a  glucoside  obtained  from  hellebore,  acts  similarly  to  the  preparations 
of  digitalis. 

Muscarine  (dllx^NOt),  the  poison  of  the  fly-agaric,  acts  as  a  stimulant  to  those 
nerve-endings  which  are  paralyzed  by  atropine.  'The  intense  excitation  of  the  inhib- 
itory centres  of  the  heart  causes  stoppage  of  the  unparalyzcd  heart,  and  death  is 
thereby  produced.  The  general  s3''mptoms  of  muscarine  poisoning  are  salivation,  ver- 
tigo, anxiety,  nausea,  vomiting,  diarrhoea,  convulsions,  and  finally  unconsciousness. 
Small  doses  produce  a  condition  of  excitation  similar  to  that  of  drunkenness. 

Literature. 

{Nerve-  and  Heart -Poisons,) 

Abderhalden:  Alkohol  (Bibliographic).    Wien,  1904. 

Afanaaiew:  Zur  Path,  des  acuten  u.  chron.  Alkoholismus.    Beitr.  v.  Ziegler,  viii., 

1890. 
Ambrosias:  Todnach  Chloroforminlialation.     Virch.  Arch.,  138  Bd.,  Suppl.,  1894. 
Binz:  Das  Chinin,  Berlin,  1875;  Alkohol.     Eulenburg's  Realencyklop.,  iii.  Aufl.,  1893. 
Braun:  Verftnd.  d.  Ner vensy stems  durch  chron.  Alkoholintoxication,  Tftbingen,  1899. 
Brouardel:  liCS  paralysies  arsenicales.     Arch,  de  med.  exp.,  viii.,  1896  (Lit.). 
Demme:    Ucber  den  £influss  des  Alkohols  auf  den  Organismus  des  Kindes,  Stuttgart, 

1890. 
Benys'  Zur  Kenntniss  der  WirkungdesStrychnins.    Arch.  f.  exp.  Path.,  20 Bd.,  1886. 
Buclauz:    L'alcool.    Ann.  del'Inst.  Pasteiir,  1908. 
Faust.  Zur  Kenntn.  d.  Bamandarins.    Arch.  f.  exp.  Path.,  41  Bd.,  1898. 
Fraenkel,  0. ;  Massigkeit  oder  Enthaltsamkeit  ?  Beriin.  1903. 
Fraenkel,  E. .  Veranderungen  durch  Chloroformnachwirkung.    Virch.  Arch.,  127 Bd., 

1892. 


30  THE   EXTRINSIC   CAUSES   OF  DISEASE. 

Oarrd:  Die  AethernarkoBe,  Tflbingen,  1893. 

Gk>ld8clieider  u.  Flatau :    Normale  u.  patliol.  Anatomie  der  Nervenzellen,  Berlin, 

Husemann :  Pfeilgif te.    Eulenburg^s  Realencyklop.,  xviii.,  1898. 

Jacottet*.  Et.  sur  les  alterations  des  cellules  nerveuses.    Beitr.  v.  Ziegler.  xxiv.,  1897. 

▼.  Xahlden:  Wirkung  dea  Alkohols  auf  Leber  u.  Nieren.    Beitr.  v.  Ziegler,  ix.,  1881. 

Kobert:  Muscarinwirkung.  Arch.  f.  exp.  Path.,  20  Bd..  1886;  Intoxicationeu.  Stutt- 
gart, 1898. 

Xraepelin:  Psych.  Wirkung  des  Alkohols.    MQnch.  med.  Woch.,  1899. 

Kiinkel:    Handb.  d.  Toxikologie,  Jena,  1899. 

Lewin:  Die  Nebenwirkurig  d.  Arzneimittel,  Berlin.  1899;  Pfeilgift«.  Virch.  Archiv. 
186  Bd.,  1894. 

Osterta^:  Die  tOdtliche  Nach wirkung  des  Chloroforms.    Virch.  Arch..  118  Bd.,  1889. 

Poro8ch.in:  Verftnd.  durch  Chloroformuarkose.    Cbl.  f.  d.  ined.  Wiss.,  1898. 

Strassmann :  T5dtliche  Nach  wirkung  des  Chloroforms.    Virch.  Arch..  115  Bd.,  1889. 

Stnimpell:  Die  Alkoholfrage  vom  arztl.  Standpunkt  aus.  MQnch.  med.  Wocli., 
1898. 

Tillie:  Ueber  d.  Wirkung  des  Curare  u.  seiner  Alkaloide.  Arch.  f.  exp.  Path..  37  Bd., 
1890. 

4.     Origin  of  Disease  through  Infection  or  Parasitism, 

§  10.  The  entrance  of  living  organisms  from  the  outer  world  into  the  tissues 
of  the  human  or  animal  hody^  and  their  multiplication  there  with  the  produe- 
tion  of  pathological  processes,  is  known  as  infection.  Since  these  organ- 
isms take  their  food  from  the  tissues,  they  are  during  their  staj*  in  mau 
or  in  animals  to  be  regarded  as  parasites,  and  therefore  the  affectious 
known  as  the  infectious  diseases  are  nothing  more  than  parasitic 
conditions. 

The  parasites  causing  the  majority  of  the  infectious  diseases  are  uov 
known.  In  those  disejises  in  which  they  are  not  yet  discovered  (small- 
pox, measles,  scarlatina,  etc. )  the  existence  of  a  parasite  may  be  assumed 
through  the  peculiarity  of  the  infectious  disease ;  and,  indeed,  through 
the  fact  that  for  infection  only  the  smallest  imponderable  amount  of  in- 
fective material  is  necessary,  so  that  the  severity  of  the  disease  can  be 
explained  only  through  the  assumption  of  an  increase  of  the  harmful 
agent  within  the  body ;  and,  further,  through  the  fact  that  the  disease 
in  question  is  characterized  by  definite,  constantly  i-ecurring  phenomeua 
and  by  a  typical  course.  It  may  happen  that  a  given  disease  may  spread 
from  one  affected  individual  to  other  individuals,  giving  rise  to  a  pesti- 
lence or  epidemic,  which  may  spread  throughout  one  house  or  city  or 
throughout  the  whole  land  or  over  many  lands.  The  spread  of  the  dis- 
ease occurs  sometimes  in  such  a  way  that  one  gets  the  impression  that 
there  is  a  direct  passage  from  man  to  man,  a  direct  contas:ion  (diph- 
theria, smallpox,  measles,  influenza,  whooping-cough,  gonorrhoea,  syph- 
ilis, and  leprosy) ;  at  other  times,  as  if  the  causal  agent  of  the  disease 
clung  to  certain  regions  as  a  so-called  miasma  (malaria),  and  fi'oni 
thence  infected  the  individuals  who  came  into  its  neighborhood ;  finally, 
at  other  times,  as  if  the  disease  had  been  spread  through  an  affected  in- 
dividual, who  had  acquired  the  disease  somewhere  and  had  then  changed 
his  residence  and  had  infected  the  new  place  of  residence  in  some  way 
or  otJier,  so  that  the  inhabit;ants  there  acquired  the  disease.  Infections 
that  may  be  spread  by  this  last  method  may  be  designated  miasmatic 
contas:ious  diseases  (Asiatic  cholera,  yellow  fever,  typhoid). 

The  parasites  that  cause  the  infectious  diseases  belong,  accordini: 
to  our  present  knowledge,  for  the  greater  part  to  the  schizomycetcs 
or  bacteria;  but  certain  of  the  higher  plants,  the  mould-fun^  feumy- 
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cetes),  aud  the  yeasts  may  also  cause  infectious  diseases.  Further,  the 
animal  parasites  are  also  represented  by  numerous  species,  belonging  in 
part  to  the  protozoa,  in  part  to  the  worms,  and  partly  to  tlie  arthropoda. 
It  has  been  the  custom  to  accord  to  the  animal  parasites  an  especial 
position,  since  many  of  them  do  not  increase  in  the  host  in  whom  they 
live,  but  pass  only  through  certain  stages  of  development  without  caus- 
ing such  symptoms  as  are  characteristic  of  the  infectious  diseases.  Such 
a  distinction  will  not  hold  good,  since  typical  infectious  diseases  (malaria) 
may  also  be  caused  by  animal  parasites.  Further,  in  the  case  of  many 
of  the  animal  parasites  a  definite  increase  does  take  place  within  the 
human  organism. 

With  the  recognition  that  the  infectious  diseases  are  caused  through 
the  parasitism  of  minute  living-  rnkfoorffnuisms  not  visible  to  the  naked 
eye,  the  view  was  soon  reached  that  i)ure  contagious  disejises  must  be 
caused  by  parasites  that  could  thrive  only  w  ithin  the  human  or  animal 
organisms ;  while  miasmatic  diseases  arose  through  living  agents  which 
occur  in  the  outer  world  and  occasionally  gain  entrance  into  man  or  ani- 
mals. In  the  first  case  the  microorganisms  were  designated  endogeTwus 
paramtes,  in  the  second  ecfogenons.  It  was  assumed  in  regard  to  the 
miasmatic  contagious  diseases  that  the  microorganisms  could  increase 
either  within  the  body  or  in  the  outer  world ;  but,  in  the  latter  place, 
only  when  they  passed  from  the  human  or  animal  body  into  water,  food, 
or  earth. 

With  certain  limitations  this  view  is  still  to-day  regarded  as  correct ; 
but,  according  to  later  experiences,  its  original  application  is  not  always 
correct,  since  many  microorganisms  that  ordinarily  increase  only  in  liv- 
ing tissues  as  parasites  require  for  their  growth  outside  of  the  human 
body  certain  conditions  of  life  that  make  their  multiplication  possible, 
BO  that  in  a  certain  sense  a  contagium  may  become  a  miasma.  The  causal 
agents  of  measles,  scarlatina,  and  of  syphilis  can  develop  only  inside  of 
the  human  body ;  that  of  smallpox,  within  the  body  of  man  and  cattle, 
and  we  have  not  yet  succeeded  in  growing  them  in  artificial  media. 
Tubercle  bacilli  ordinarily  develop  only  in  the  tissues  of  man  and  differ- 
ent vertebrates ;  but  they  may  be  cultivated  on  certain  media  at  the  tem- 
perature of  the  body,  and  subsequently  can  be  successfully  inoculated 
into  man  and  animals.  Staphylococci  and  streptococci,  which  produce 
suppurations,  anthrax  bacilli,  typhoid  bacilli,  cholera  spirilla,  and  others 
grow  easily  in  very  different  solid  and  fluid  media  and  can  after  such  an 
artificial  cultivation  cause  disease  in  man,  both  through  contagion  and 
through  transmission  from  the  outer  world.  But  it  should  be  noted 
that,  even  in  the  last-named  cases,  the  bacteria  concerned  have  often  not 
increased  in  the  outer  world,  so  that,  for  example,  water  used  for  drink- 
ing becomes  only  the  conveyer  of  the  infective  agent. 

Malaria,  which  is  considered  the  chief  type  of  a  miasmatic  diseajse,  is 
produced  by  a  microorganism,  which,  outside  of  the  human  body,  must 
pass  through  definite  stages  of  development  in  certain  mosquitoes  or  it 
will  die.  Through  the  taking  up  of  blood  from  a  malarial  patient  the 
infected  mosquitoes  (different  forms  of  Anopheles)  represent  the  malaria- 
producing  miasm,  and  man  is  again  infected  through  their  bite,  and  not, 
as  was  originally  supposed,  through  mists  arising  from  marshes  or  through 
bacteria.  It  is  also  possible  to  produce  an  infection  with  malaria  by  the 
transfusion  of  blood  from  a  malarial  patient  to  a  healthy  individual. 

The  view  that  certain  diseases,  particularly  epidemics,  were  of  parasitic  origin,  is 
very  old,  and  found  expression  in  the  works  of  Kirchner  (1602-1680),  Lancisi  (1664- 
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1720),  Linn^  (1707-1778),  and  others.  It  has  been  left  to  very  recent  times,  however, 
to  place  the  theory  of  the  parasitic  nature  of  the  infectious  diseases  upon  a  secure  founda- 
tion. Though  several  decades  ago  HenUy  Li^bermeisieTj  and  others  asserted  that  the 
peculiarities  of  infectious  diseases  could  be  explained  only  by  the  assumption  of  a 
cofUagium  animaium,  the  establishment  of  this  doctrine  is  due  to  the  results  of  the 
investigations  of  the  last  thirty  years. 

The  climate  is  often  held  responsible  for  the  origin  of  disease,  and  we  are  inclined 
to  consider  a  region  having  a  uniform  temperature,  much  sun,  and  little  wind  as  a 
healthy'  one,  while  one  havm^  marked  variations  of  temperature,  abundant  precipita- 
tion, little  sun,  and  much  wmd  is  regarded  as  unhealthy.  This  is  true  to  a  certain 
extent,  in  so  far  as  invalids  or  individuals  susceptible  to  the  influences  of  weather  are 
concerned,  but  a  much  more  important  and  decisive  criterion  of  the  healthfulness  of  a 
region  is  the  presence  or  absence  of  specific  agents  of  disease,  vegetable  or  animal 
parasites  that  may  infect  man.  Such  disease-producing  agents  may  exist  in  affected 
members  of  the  population  of  the  region,  in  the  drinking-water,  in  the  earth,  or  in  animals 
etc.  In  the  tropics  the  malarial  parasites  play  the  most  important  r61e,  their  trans- 
mission to  man  being  brought  about  through  the  agency  of  mosquitoes.  Therefore, 
the  most  beautiful  region  which  seems  to  offer  the  best  climate  may  be  unhealthy; 
while  raw,  cold,  and  inhospitable  regions  may  be  very  healthy  through  the  absence  in 
them  of  the  causal  agents  of  disease. 
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See  also  §  12. 

§  11.  The  bacteria  are  small,  nniceUular  organisms,  which  appear 
in  the  form  of  little  spheres  (cocci),  and  fine,  straight,  or  curved  fikIs 
(bacilli  and  spirilla),  frequently  uniting  in  peculiar  combinations. 
Many  possess  motile  organs  in  the  form  of  flagella.     Under  especijil 
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conditions  some  of  them  produce  spores  or  peculiar  permanent  forms, 
mostly  oval  in  shape. 

Prom  the  standpoint  of  the  physician  bacteria  may  be  divided  into 
the  non-pathogenic  and  the  pathos^enic.  To  the  latter  belong  all  those 
that  are  able  to  increase  in  the  human  and  animal  organism.  But  this 
classification  is  not  altogether  satisfactory,  inasmuch  as  pathological  con- 
ditions may  be  caused  by  bacteria  that  are  not  able  to  increase  within 
living  tissues.  This  rest-s  upon  the  fact  that  all  bacteria,  not  only  the 
pathogenic,  but  also  the  non -pathogenic,  in  their  growth  in  nutritive 
media  (albumin,  i)eptone,  gelatin,  non-nitrogenous  media),  decompose 
these,  and  thereby  often  produce  substances  that  are  toxic  for  man  and 
for  the  higher  animals.  These  changes  in  the  nutritive  media  are  brought 
about  chiefly  by  the  action  of  ferments  and  enzymes,  the  latter  process 
being  regarded  as  a  direct  function  of  the  living  cell  substance,  while  the 
former  is  due  to  the  action  of  ferments  or  enzymes  that  are  liberated 
from  the  cells. 

The  most  important  of  the  substances  produced  by  the  decomposition 
of  proteids  are  the  nitrogenous  basic  cadaveric  alkaloids  or  ptomains, 
many  of  which  are  poisons  for  man.  For  example,  the  toxic  products 
neuridin,  cadaverin,  putrescin,  neurin,  and  methylguanidin,  the  last 
three  of  which  are  poisons,  may  be  obtained  in  pure  form  from  decom- 
I)08ing  meat.  If  these  enter  with  the  food  into  the  human  body  symp- 
toms of  intoxication  may  be  produced  without  any  development  of  bac- 
teria in  living  tissue.  On  the  whole,  their  activity  is  not  considered  very 
great,  and  it  is  questionable  whether  the  artificially  produced  poisonous 
I)tomains  ever  arise  during  the  processes  of  decomposition. 

Besides  the  property  of  producing  ptomains  and  other  poisonous  sub- 
stances (for  example,  hydrogen  sulphide),  which  belongs  to  many  differ- 
ent bacteria,  the  pathogenic  bacteria  produce  other  poisons  specific  for 
the  individual  species.  The  first  of  these  to  be  considered  are  the  toxins 
in  the  narrower  sense,  that  is,  poisonous  substances  which  do  not  belong 
to  the  ptomains  and  are  also  not  albuminous  bodies  (toxalbumins). 
They  are  the  products  of  secretion  of  the  bacterial  cells  and  can  be  sepa- 
rated by  filtration  from  the  bacteria.  The  most  important  representa- 
tives of  such  poisons  are  those  produced  by  the  bacUli  of  diphtheria  and 
tetanus,  both  in  cultures  and  in  the  human  organism.  It  is  probable  also 
that  cholera  spirilla  produce  them  in  small  amount.  The  toxins  are  very 
unstable  bodies  and  quickly  lose  their  activity  through  heating  above 
50°  C,  the  effect  of  light,  and  through  the  action  of  acids  and  other 
chemical  substances;  when  dry  they  will  stand  100°  C.  without  injury. 
Their  chemical  structure  is  not  known ;  they  may  be  compared  with  the 
enzymes.  Their  activity  is  also  limited  to  the  animal  susceptible  to 
the  given  disease.  When  injected  into  susceptible  animals,  their  action 
takes  place  after  a  period  of  incubation  known  as  the  period  of  latency.  In 
the  affected  organism  they  cause  the  production  of  antibodies  or  antitoxins, 
which  render  the  toxin  harmless  in  the  organism  and  also  neutralize  it 
m  vitro. 

As  a  second  form  of  specific  poison  there  occur  intracellular  toxins 
or  endotoxins,  that  is,  poisons  which  cling  to  the  bacterial  cell  and  are 
separated  from  it  only  with  difficulty.  Even  less  is  known  of  their 
nature  than  of  the  true  toxins.  Typhoid  bacilli,  cholera  spirilla,  and 
pQeumococci  form  such  poisons,  and  it  has  been  assumed  that  they  be- 
come active  after  the  destruction  of  the  bacteria  in  the  human  organism. 

A  third  form  of  bacterial  poison  is  found  in  the  bacterial  proteins  or 
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micoproteins,  that  is,  the  substance  of  the  bacterial  cell  itself.  They 
produce  chiefly  a  local  effect,  finding  expression  in  inflammatory  proc- 
esses. It  is  very  probable  that  such  a  local  action  occurs  in  all  bacte- 
rial infections  in  which  the  bacteria  develop  locally.  If  the  bacteria 
coucerned  produce  antitoxins  the  action  of  these  is  combined  with  that 
of  the  bacterial  proteins. 

In  individual  cases  it  is  very  often  impossible  to  decide  to  what  ex- 
tent ptomai'ns  or  to  what  extent  specific  bacterial  toxins  and  micoproteiiis 
are  concerned  in  the  production  of  the  pathological  condition.  The 
term  bacterial  toxin  is  very  often  used  in  a  broad  way  to  cover  all  of 
the  poisonous  substances  produced  by  bacteria. 

Some  pathogenic  bacteria  increase  first  in  the  outer  tcorld  (for  exam- 
ple, the  tetanus  bacillus),  and  only  occasionally  do  they  develop  in  the 
human  or  animal  body ;  on  the  other  hand,  other  forms  develop  ordi- 
narily only  in  the  human  or  animal  organism  (tubeix^le  bacilli,  glanders, 
leprosy,  diphtheria,  and  influenza  bacilli)  and  need  for  their  development 
outside  of  the  body  especial  nutritive  media,  or,  indeed,  they  cannot  be 
cultivated  at  all.  Others  stiU  increase  with  especial  energy  in  human  and 
animal  tissue,  but  are  also  easily  grown  upon  diffei^ent  nutritive  media  (strepto- 
coccus, staphylococcus,  anthrax  bacillus,  typhoid  bacillus,  cholera  spiril- 
lum), and  are  also  able  to  multiply  under  natural  conditions  in  the  outer 
world. 

The  distribution  of  pathogenic  bacteria  from  the  affected  individ- 
ual to  the  outer  world  takes  place  through  coughing,  sneezing,  exx)ee- 
toration,  speaking,  through  intestinal  and  urinary  discharges,  secretion 
from  wounds,  sloughing  of  portions  of  tissue,  etc.  When  thrown  out 
into  the  air  they  may  i*emain  floating  for  some  time  and  be  carried  to 
some  distance,  but,  sooner  or  later,  they  become  attached  to  some  object. 
Through  drying  and  through  sunlight  many  of  them  are  quickly  de- 
stroyed. Others  remain  alive  for  a  certain  period,  often  a  very  long 
time,  especially  in  the  form  of  spores,  and  may  be  found  in  either  a  dry 
or  moist  state,  in  the  water  or  in  the  earth.  If  they  find  the  proper  food- 
material  and  if  the  temperature  is  high  enough  for  their  development, 
the  bacteria  may  multiply. 

From  the  place  where  they  are  thrown  down,  or  from  the  objects  to 
which  they  cling,  or  where  they  have  undergone  further  development, 
the  bacteria  may  later  suffer  a  wider  distribution.  Stronger  currents  of 
air  may  carry  them  farther  away,  especially  from  the  objects  to  which 
they  simply  cling,  or  also  in  the  dust  of  the  room  or  of  the  street.  Many 
of  them  are  brought  to  the  human  and  animal  organism  partly  through 
food  and  drink,  partly  through  the  air,  and  partly  through  contamina- 
tions of  the  fingers. 

The  avenues  of  entrance  for  bacteria  are,  in  general,  the  mucous 
membranes  of  the  intestinal  canal,  respiratory  tract,  and  the  middle  ear, 
the  conjunctiva,  the  alveoli  of  the  lungs,  and  open  wounds.  But  it 
should  be  noted  that  many  bacteria  are  able  to  gain  an  entrance  only  in 
certain  tissues,  for  example,  the  typhoid  bacillus  and  the  cholera  spiril- 
lum gain  entrance  only  from  the  intestine  and  not  from  the  skin  or  lung. 
Through  recent  wounds,  both  pathogenic  and  non-pathogenic  bacteria 
are  rapidly  taken  up  into  the  lymph  and  blood ;  while  through  wounds 
showing  healthy,  granulating,  uninjured  surfaces,  the  entrance  of  many 
bacteria  into  the  tissues  is  hindered.  Pathogenic  bacteria  (pus  cocci) 
uot  infrequently  enter  through  the  uninjured  skin,  either  by  way  of  the 
hair-follicles  or  through  the  sebaceous  or  sweat-glands.    Under  especial 
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conditions  (coitus,  surgical  operations,  dribbling  of  urine,  childbirth) 
the  infection  may  take  its  start  from  the  mucous  membranes  of  the  uro- 
genital tract.  Some  infections  may  be  transmitted  by  insects,  which 
have  taken  up  bacteria  with  the  blood  or  secretions  of  a  diseased  indi- 
vidual or  animal,  or,  having  become  contaminated  externally  by  such, 
may  infect  an  open  wound  by  scraping  the  bacteria  olF  their  legs  upon 
the  exposed  surface,  or  by  the  direct  introduction  of  germs  into  the  skin 
or  accessible  mucous  membranes  during  the  act  of  stinging  or  sucking. 
If  meat  containing  bacteria  be  eaten,  and  if  the  animal  while  alive  was 
affected  by  an  infectious  disease  which  also  occurs  in  man,  this  particu- 
lar disease  may  be  transmitted  to  man,  in  case  the  bacteria  had  not  been 
previously  destroyed. 

Bacteria  arrive  at  the  point  of  entrance,  sometimes  in  association  with 
chemically  active  substances,  sometimes  without  such ;  the  first  is  more 
likely  to  occur  in  the  intestinal  tract,  the  second  in  the  respiratory  pas- 
sages and  in  the  lungs ;  yet  chemical  substances  may  also  find  their  way 
into  the  lungs  witli  bacteria,  and  bacteria  may  enter  the  intestinal  canal 
without  the  association  of  chemically  active  material. 

If  toxic  bacterial  products  enter  in  considerable  amount  into  the 
iutastiual  canal  or  wounds  at  the  same  time  with  the  bacteria,  the  symp- 
toms of  an  intoxication  may  be  produced  without  an  infection,  that  is, 
without  an  increase  of  the  bacteria  in  the  tissue  taking  place.  This 
event  may  also  happen  when  bacteria  producing  such  poisons  develop  in 
the  contents  of  the  intestine,  in  wound-secretions  or  in  necrotic  lung  tis- 
sue, and  increase  there  as  saprophytes.  Strictly  speaking,  we  cannot  re- 
gard this  as  an  infection,  but  must  look  upon  the  disease  so  produced  as 
an  intoxication;  but  it  is  not  always  possible  in  such  cases  to  draw  a 
sharp  line  between  an  intoxication  and  an  infection,  since  bacteria  origi- 
nally developing  as  parasites  not  infrequently  penetrate  into  the  tissues 
and  there  multiply. 

Intestinal  intoxications  dependent  upon  bacterial  toxins  occur  es* 
pecially  when  meat  or  fluids  in  a  condition  of  bacterial  decomposition 
have  been  eaten  as  food.  To  such  intoxications  belong  a  large  propor- 
tion of  the  affections  designated  as  meat-,  sausage- y  fish- ,  and  cheese-poison- 
ing, in  which  the  poison  is  either  taken  as  such  into  the  intestinal  canal, 
or  first  formed  there.  Likewise,  many  vegetables  in  a  condition  of 
fermentation  and  decomposition,  for  example,  cabbage,  peas,  beans, 
com,  rice,  etc.,  exert  a  harmful  influence  upon  the  intestine  or  upon  the 
entire  organism,  especially  when  they  have  been  eaten  in  large  amounts 
or  for  a  long  period  of  time.  Nor  infrequently  there  occur  also  acute 
poisonings  of  the  same  kind. 

K  the  bacteria  which  have  entered  the  body  through  one  of  the 
above-mentioned  avenues  of  infection  are  in  a  strict  sense  pathogenic,  so 
that  they  give  rise  to  an  infection,  they  may  increase  first  at  the  point 
of  entrance,  in  the  intestinal  mucous  membrane,  in  a  wound,  in  the 
skin,  etc.  The  local  effects  of  their  growth  are  dependent  primarily 
upon  the  individual  characteristics  of  the  bacteria,  as  well  as  upon  the 
peculiarities  of  the  affected  tissue.  In  general,  the  local  action  is  char- 
acterized by  tissue-degenerations,  necrosis,  inflammations,  and  new-for« 
mation  of  tissue,  so  that  it  is  possible  in  many  cases  to  determine  the  na^ 
ture  of  the  infection,  that  is,  the  species  of  bacteria  causing  the 
infection,  from  the  character  of  the  local  changes.  It  is,  however, 
difficult  or  impossible  to  determine  in  every  case  Qie  exact  mode  of  ac- 
tion of  the  multiplying  bacteria;  in  general,  it  mav  be  said  that  the 
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processes  of  chemical  metamorphosis  excited  by  the  multiplication  of  the 
bacteria  produce  certain  changes  in  the  tissue-cells,  in  that  different  sab- 
stances  of  active  chemical  nature  either  kill  the  cells,  or  at  least  iudnce 
degenerative  changes  in  them,  or  in  part  excite  increased  cell -activity. 
In  the  further  development  of  the  process  the  substances  derived  from 
dead  and  dissolving  bacteria  may  also  produce  effects  upon  the  surround- 
ing tissue.  In  a  certain  sense,  therefore,  there  occurs  through  the  local 
growth  of  bacteria  a  local  intoxication,  which  is  of  far  greater  significance 
than  the  tciihdrawal  of  nutritive  material  through  the  consumption  by  the 
bacteria  of  food  substances.  The  latter  is,  however,  not  wholly  withont 
significance,  inasmuch  as  the  chemical  changes  produced  by  the  bac- 
teria in  the  tissue  juices  often  render  these  unfit  for  the  nourishment  of 
the  tissue-cells,  so  that  the  cells  suffer  even  when  no  poisonous  substances 
are  produced. 

The  participation  of  the  entire  organism  in  a  local  bacterial  infec- 
tion may  be  very  slight  or  wholly  absent,  so  that  the  disease  api>ears  as 
a  purely  local  affection  (tuberculosis).  In  other  cases  the  toxins  and 
toxalbumins  formed  in  the  local  focus  of  infection  are  absorbed  into  the 
body  fluids  (i.e.,  into  the  blood),  and  a  general  Intoxication  (toxinamk) 
is  produced ;  that  is,  poisonous  effects  are  exerted  upon  the  nervous  sys- 
tem, sometimes  upon  the  blood  itself  and  upon  the  heart;  and  the 
poisons  thus  taken  into  the  body  may  produce  demonstrable  changes  Id 
the  internal  organs,  particularly  in  the  excretory  glands,  at  times  also  in 
the  skin.  In  many  diseases  (tetanus,  typhoid  fever,  streptococcus  and 
staphylococcus  infection,  diphtheria)  the  symptoms  of  XK>isoning  are  es- 
pecially prominent. 

If  healing  does  not  take  place  in  the  primary  seat  of  infection,  the 
neighboring  tissues  may  be  involved  by  an  invasion  of  iiacterla  by  con- 
tinuity. Very  often  the  bacteria  gain  entrance  to  tlie  iympli-vessels 
or  blcNMl-cliannels  (bacteri^emia),  and  in  this  way  are  transported  and 
spread  over  the  entire  body.  The  result  of  this  meUutaaisi^  bacteria  is 
the  production  of  a  lympliogenous  or  h&matogenous  infection ;  that 
is,  secondary /oci  of  disease  identical  in  character  with  the  primary  seat  of 
infection  are  formed  at  a  distance  from  the  primary  focus.  In  certain 
diseases  (tuberculosis,  suppurations,  plague)  the  number  of  metastases 
is  usually  very  great*,  so  that  many  parts  of  the  body  (lymph-glands, 
liver,  lung,  brain,  muscles,  bones,  kidneys,  etc)  may  contain  (Sseased 
foci.  On  the  other  hand,  in  other  infections  metastasis  of  bacteria 
from  the  original  focus  to  other  oi^ns  does  not  occur  (tetanus,  diph- 
theria), or  the  transported  bacteria  cause  only  changes  of  a  milder  type 
(typhoid  fever). 

The  eutniuce  of  bacteria  into  the  blood  leads  to  liacterisemia.  Dur- 
ing the  transportation  of  bacteria  through  the  blood-vessels,  there  is 
usually  no  increase  of  the  bacteria  in  the  circulating  blood,  the  blood 
serting  only  as  a  tekide  to  carry  the  bacteria  to  other  i>art6  of  the  body. 
multiplication  occurring  first  at  those  points  where  the  bacteria  have 
come  to  rest^  Nevertheless,  in  certain  infections  (anthrax)  the  bacteria 
increase  enormou^y  in  the  circulating  Moody  and  in  this  way  may  cause 
damage  to  the  blood  itself.  Through  the  obstruction  of  small  blood-ves- 
sels by  the  multiplying  bacteria,  there  may  be  added  to  the  intoxication 
also  local  disturbances  of  circulation. 

The  metastasis  of  bacteria  or  toxic  substances^  or  both,  from  a  local- 
ized seat  of  infection,  and  the  production  thereby  of  secondary  foci  and 
symptoms  of  intoxication,  give  rise  to  the  condition  which  is  generally 


BACTERIAL  INFECTION.  37 

termed  sepsis.  According  to  the  predominant  symptoms  there  may  be 
distinguished  a  septwmia  or  ^epticcemiay  a  pycemia  and  a  lymphangaitus. 
Through  the  combination  of  both  the  latter  with  septicsBmia,  septicopyceniia 
is  produced.  Originally  the  designation  septicaemia  was  applied  to 
those  cases  in  which  a  localized  infection  was  associated  with  intoxication 
caused  by  bacterial  poison  or  a  toxinoemia  without  the  spread  of  bacteria 
through  the  body.  At  the  present  time,  according  to  the  precedent  set 
by  Koch,  Gaflfky,  and  others,  septicaemia  is  used  to  designate  the  cou- 
diticm  characterized  by  the  entrance  of  both  bacteria  and  their  poisons 
into  the  blood,  a  coincident  toxin<emia  and  bactericemin ;  indeed,  by  many 
authors  the  pure  intoxication  or  toxincemia  is  separated  from  septicaemia. 
The  term  pyaemia,  originally  signifying  a  metastasis  of  pus  through 
the  blood,  is  at  present  employed  to  designate  the  condition  in  which 
the  metastasis  of  bacteria  gives  rise  to  the  formation  of  metoMaiic  ab- 

In  septicopyaemia  the  symptoms  of  toxinaemia  and  bacterisBmia  are 
combined  with  the  formation  of  metastatic  foci.  Lymphangoitis  is  an 
inflammation  of  the  lymph-vessels  and  their  surroundings  caused  by  trans- 
ported bacteria. 

Sepsis  in  its  different  forms  is  most  frequently  caused  by  the  true 
pyogenic  organisms,  staphylococcus  pyogenes  aureus,  and  the  streptococcus 
pyogenes,  but  similar  conditions  also  occur  in  infection  with  the  pneu- 
mococcuSj  gonococcus,  typhoid  haciUuSj  colon  bacillus,  plague  baciUus,  etc. 

If  bacteria  are  deposited  secondarily  in  the  body-passages  which  are 
lined  with  mucous  membrane,  as  in  the  respiratory  or  urogenital  tract, 
they  may  multiply  within  these  tracts  and  produce  their  characteristic 
pathological  changes.  Likewise,  they  may  multiply  also  within  the 
large  body-cavities»  in  the  peritoneal,  pleural,  and  subarachnoid 
spaces.  In  the  c;ise  of  an  infection  occurring  in  a  pregnant  woman, 
many  varieties  of  bacteria  (anthrax,  symptomatic  anthrax,  glanders, 
recurrent  fever,  typhoid,  pneumonia,  the  pyogehic  bacteria,  tubercu- 
losis) may  l)e  transmitted  to  the  foetus. 

The  description  given  above  of  the  course  of  an  infection  may  be 
taken  as  a  general  tyi)e,  and  many  infections  run  such  a  course  (typhoid, 
pytemia,  erysipelas^  plague,  diphtheria,  tetanus,  tuberculosis,  syphilis, 
leprosy,  glanders,  actinomycosis,  etc.);  but  there  are  also  many  devia- 
tions from  this  scheme.  In  the  first  place,  it  not  infrequently  happens 
that  in  an  infection  which  in  general  runs  a  typical  course,  the  primary 
seat  of  infection  is  not  demonstrable,  either  because  no  changes  occurred 
at  the  point  of  entrance,  or  the  changes  produced  have  since  disap- 
peared. Such  forms  of  infection  are  known  as  cryptogenic ;  they  may 
l)e  lymphogenous  or  hsmatogenous.  It  is  typical  of  many  infections 
that  the  primary  lociilization  of  the  cause  of  the  disease  is  not  recogniz- 
able, so  tliat  general  symptoms  occur  before  local  clmnges  are  demonstrable, 
and  the  tissue-changes  occurring  later  have  more  the  character  of  a  sec- 
ondary localization  of  the  poison  of  the  disease.  This  occurs  especially  in  a 
numljer  of  infectious  diseases,  the  causes  of  which  are  unknown  tons; 
for  example,  in  scarlet  fever,  smallpox,  and  measles;  yet  in  many  in- 
fections whose  causes  are  known  we  are  not  alwaj's  able  to  discover  at 
what  point  the  first  multiplication  of  the  bacteria  occurs.  Thus  we 
know  that  in  relapsing  fever  the  spirilla  are  found  in  the  blood  in  large 
nnm!)ers  at  the  time  of  the  fever,  but  the  place  of  their  multiplication  is 
unknown  to  us. 
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Not  infrequently  a  secondary  infection  may  be  joined  to  one  already 
present.  In  many  cases  the  association  is  entirely  accidental,  in  other 
cases  the  anatomical  changes  produced  by  the  first  infection  cause  a 
local  predisposition  to  the  new  invasion.  To  the  first  group  would  be- 
long, for  instiince,  a  croupous  pneumonia  occurring  in  an  individual 
suffering  with  tuberculosis  of  the  kidney  or  bones ;  while  the  occurrence 
of  an  infection  with  cocci  causing  suppuration  and  septic  intoxication 
during  the  course  of  typhoid,  influenza,  diphtheria,  scarlet  fever,  dysen- 
tery, caseous  ulcerating  tuberculosis,  etc.,  may  be  regarded  as  due  to  the 
production  of  local  tissue-changes  favoring  the  entrance  of  bacteria. 
These  secondary  infections  usually  aggravate  the  sufferings  of  the  patient 
in  that  a  new  independent  disease  is  added  to  the  one  already  present; 
but  it  may  also  happen  that  the  organisms  entering  secondarily  into  the 
body  grow  only  as  saprophytes  in  exudates  or  in  tissues  killed  by  the 
first  infection.  In  certain  infections,  as,  for  example,  in  many  forms  of 
purulent  processes,  the  tissues  may  contain,  even  at  an  early  stage,  two 
or  more  varieties  of  bacteria — a  mixed  infection  or  double  infection. 
The  associated  bacteria  can  persist  in  their  association  and  in  common 
excite  pathological  changes ;  but  they  may  also  become  separated  from 
each  other,  in  that  one  microorganism  gains  a  wider  distribution  than 
the  other. 

It  has  been  known  for  many  yeais  that  during  decomposition  poisonous  substances 
are  formed.  As  early  as  1852  Beck  observed  tliat  ammonia  hydrothionate,  which  oc- 
curs in  pus  and  putrid  ichor,  possessed  septic  properties  when  injected  into  animals. 
Panum,  in  1868,  obtained  from  decomposing  material  a  putrid  poison,  that  is,  a  body 
not  destroyed  by  boiling  and  evaporation,  which  possessed  an  action  similar  to  that 
of  snake-poison  and  the  vegetable  alkaloids  and  caused  in  dogs  salivation,  dilatation  of 
the  pupils,  diarrhoea,  fever,  and  severe  prostration.  Von  Bergniann  and  SchmuddeTij 
obtained  from  decomposing  yeast  a  crystalline  body,  iepsin,  which  in  animals  produced 
the  symptoms  of  a  putrid  mtoxication.  Senator,  Hiller,  and  MiktiUez  extracted  from 
decaying  tissue-masses  by  means  of  glycerin  a  substance  which  likewise  possessed  a 
septic  action.  Billroth  called  this  poisonous  substance  putrefactive  zynwid.  Sdmi  en- 
deavored to  characterize  all  these  substances  more  minutely,  and  obtained  from  differ- 
ent constituents  of  cadavers  extracts,  partly  soluble  in  ether,  partly  in  water,  which  bo 
recognized  as  fixed  bases  of  alkaloid  like  character,  and  which  he  designated  as 
cadaveric  alkaloids  or  ptoniiA*n5.  Oautier,  Etard,  Zuelzer,  Smxnemchein,  BecJiafnp, 
8chmiedd>ergy  Hdmach,  «.  Neneki,  Otto,  Angerer,  and  others  also  found  in  decomposing 
tissues  similar  cadaveric  alkaloids,  which  in  experiments  upon  animals  were  partly  in- 
ert, and  partly  toxic,  producing  in  the  latter  case  symptoms  of  poisoning  similar  to 
curare,  morphine,  and  atropine.  To  w»  Nencki  (1876)  is  due  the  honor  of  being  the 
first  to  obtain  a  cadaveric  alkaloid  in  its  pure  form  and  t^  establish  its  formula:  this 
was  accomplished  in  the  case  of  collidin,  obtained  from  decomposing  glue  and  albumin, 
its  platinum  salt  crystallizing  in  flat  needles.  Following  tJ.  JNericki,  Etard,  Oattiier, 
and  Bamnann,  and  especially  Brieger,  have  studied  ptomaYns,  the  last  named  having 
obtained  a  lar^e  number  of  them  in  a  pure  state  and  determined  tlieir  physiological 
action.  For  instance,  Brieger  obtained  from  fibrin  peptone  a  poison  (peptotoxin) 
which  in  animals  causes  symptoms  of  paralysis  and  ultimately  death.  From  decom- 
posing horse-flesh  he  extracted  three  substances  crystallizing  in  needles,  namely, 
ncuridin,  neurin,  and  cholin,  the  second  of  which  is  markedly  poisonous,  and,  like 
muscarine,  causes  salivation,  disturbances  of  circulation  and  respiration,  contraction  of 
the  pupils,  and  clonic  convulsions.  From  flsh -flesh  he  obtained,  besides  neuridin,  three 
other  poisonous  bodies:  ethylendiamin,  a  substance  similar  in  its  action  to  muscarine, 
and  a  substance  called  gadinin.  From  decomposing  glue  and  cheese  he  obtained  the 
poison  neurin,  and  from  decomposed  yeast  dimethyiamin. 

The  majority  of  ptomains  are  not  found  in  fresh  tissues,  and  it  is  therefore  very 
probable  that  they  arc  derived  from  the  splitting  of  chemical  combinations  present  in 
the  tissues.  Thus  it  is  probable  that  cholin  is  formed  from  the  splitting  of  lecithin, 
and  by  the  further  decomposition  of  cholin  the  poison  neurin  is  formed.  Cholin  and 
neuriclin  are,  according  to  Brieger,  demonstrable  even  in  the  fresh  human  brain. 

After  the  poisonous  nature  of  part  of  the  ptomains  had  been  made  known  through 
the  researches  mentioned  above,  there  was  developed  the  hypothesis  that  the  toxic  symp- 
toms observed  in  infectious  diseases  could  be  entirely,  or  m  a  great  measure,  ascribed 
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to  the  action  of  the  toxic  ptomains.  Through  the  investigations  of  recent  years 
{RouXf  Yer»in,  Btichner,  Brieger,  C.  Fraenkel,Pfeiffer,  Ehrlich,\Va88ermann,  and  others) 
it  has  been  shown  that  besides  the  ptomains  there  occur  specific  bacterial  poisons, 
which  are  characteristic  for  the  given  bacterial  species.  These  were  first  regarded  as 
active  albumin  bodies  and  were  called  toxalbumins.  Brieger  and  Fraenkel  hold  the 
view  that  they  are  formed  by  the  action  of  bacteria  from  the  albumins  of  the  body 
juices.  BuchneTj  on  the  contrary,  believes  that  they  are  produced  by  the  bacterial  cell 
itself.  Investigations  on  the  poisons  formed  in  diphtlieria,  tetanus,  cholera,  typhoid 
fever,  pneumonia,  and  tuberculosis  have  show^  that  the  so-called  toxalbumins  are  not 
albumin  bodies,  and  have  led  to  the  differentiation  of  different  poisonous  substances 
as  given  in  the  text  above. 

The  toxins,  in  the  strict  sense,  may  be  compared,  according  to  their  origin,  with 
the  enzymes  formed  by  the  body  cells  (pepsin,  trypsin,  ptyalin)  which  produce  hydro- 
lytic  splitting.  On  the  other  hand,  the  endotoxins  clinging  to  the  cells  may  be  com- 
pared with  the  expressed  juice  of  yeast  known  as  zymabO  {Buchner),  which  is  able,  in 
the  same  way  as  the  living  protoplasm  of  the  yeast-cell,  to  excite  an  alcoholic  fermenta- 
tion in  fiui(}s  containing  sugar.  Toxins  and  enzymes  are  mixed  with  albuminous 
substances  which  up  to  the  present  time  have  not  been  separated  from  them.  This 
explains  why  they  were  earlier  regarded  as  albuminous  bodies.  Brieger^  who  first 
characterized  the  toxic  substances  as  toxalbumins,  has  himself  prepared  toxins  that 
gave  no  albumin  reaction. 

According  to  the  views  of  Ehrlich,  only  those  substances  are  poisons  that  possess 
a  chemical  affinity  for  some  element  of  the  body  and  through  their  union  with  this 
cause  an  injurious  action  that  may  be  recognized  clinically  (toxophorous  affinity). 
A  toxin  or  haptin  is,  according  to  him,  a  poison  which  possesses  two  specific  atomic 
groupSy  a  haptopfiore  group  which  permits  tne  union  with  the  body  cells  through  the 
haptophorous  group  of  the  latter,  and  a  toxophore  aroup  which  exerts  tne  poisonous  action. 
If  in  any  poison  tne  specific  action  of  the  toxophore  group  is  lost,  while  the  haptophore 
group  remains,  there  arise  toxoids  or  non-poisonous  haptins  which  may  anchor 
themselves  to  the  body  cells  but  are  no  longer  poisons.  Finally,  there  occur  also 
primary  bacterial  products  (in  diphtheria),  the  toxons  {Ehrlich),  that  is,  poisons  which 
have  the  same  haptophore  group  as  toxins  but  a  less  active  toxophore  group. 

Since  the  intracellular  toxins,  the  endotoxins  (typhoid  bacilli,  cholera  spirilla,  B. 
pyocyaneus,  pus  cocci),  are  stored  up  in  the  bodies  of  the  bacteria,  the  bacterial  cell- 
substance  is  the  most  active.  In  old  cultures  the  poisons  pass  over  into  the  fluid,  but 
they  probably  no  longer  represent  the  primary  endotoxin,  but  a  modification  of  the  same. 

Cholera  spirilla,  typhoid  bacilli,  and  pneumococci  form  endotoxins,  which  on  the 
death  of  the  bacteria  are  in  part  set  free,  and  become  active  as  such,  or  act  in  a  modified 
form  at  the  same  time  with  the  bacterial  proteins. 

Anthrax  and  tubercle  bacilli  probably  form  no  true  toxins,  but  contain  poisons  of 
another  kind  whose  action  is  combined  wnth  that  of  the  bacterial  proteins. 

The  importance  and  the  course  of  an  infection  depend,  therefore,  upon  the  char- 
acter of  the  cells  possessing  receptors  for  the  given  toxin.  In  tetanus  it  is  the  nerve- 
cell;  in  diphtheria  and  tuberculosis  the  connective-tissue  cell.  Diphtheria  poison  does 
not  injure  the  skin  of  the  mouse,  while  the  one-hundredth  or  one-thousandth  part  of 
the  same  dose  will  produce  tissue-necrosis  in  the  guinea-pig  (Ehrlich). 

Agsresslns:  When  bacteria  are  grown  in  the  pleural  or  peritoneal  cavities,  in 
pleural  or  peritoneal  exudates,  blood-serum,  or  even  in  distilled  water,  there  is  formed 
a  substance  which,  when  the  non-toxic  sterilized  culture  fluid  is  inoculated  at  the 
same  time  with  a  sublethal  dose  of  the  bacteria,  neutralizes  the  protective  powers  of 
the  body  and-permits  the  growth  of  the  bacteria.  These  substances  have  been  called 
aggressins,  and  may  be  regarded  as  serving  the  bacterial  organism  in  the  same  way 
that  the  opsonins  protect  the  animal  body.     (Bail:  Arch.f,  Hyg,,  1905.) 
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See  also  §  6  and  §  10. 

§  12.  The  pathos:entc  moulds  (eumycetes)  and  the  budding:  fungi 

belong,  as  do  the  schizomycetes,  to  the  non-chloropbyllaceoiis  thallo- 
phytes.  They  occur  in  the  hnraan  organism  in  the  form  of  jointed  or 
non-jointed  and  sometimes  branching  threads  or  hyphce,  and  short>  oval 
cells,  the  so-called  conidm.  The  eumycetes  may  be  divided  into  the 
moulds,  the  fungus  of  thrush,  and  the  cutaneous  mould-fungi.  At  times 
they  form  fructification  organs  of  peculiar  structure.  The  single  cells 
are  much  larger  than  those  of  the  schizomycetes,  so  that  they  may  be 
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seen  with  lower  magnifying  power.  Outside  of  the  body  the  moulds  de- 
velop as  velvety  films  of  different  colors,  on  the  surface  of  many  organic 
substances  and  fluids,  from  the  carbon-compounds  and  salts  of  which  they 
derive  their  nourishment.  The  yeast-fun^  are  found  chiefly  in  fluids  con- 
taining sugar,  and  are  the  cause  of  the  alcoholic  fermentation  of  the  same. 

The  spores  or  conidia,  which  represent  resistant  reproductive  cells, 
are  for  the  greater  part  formed  in  special  organs  of  fructification,  but  may 
also  be  developed  by  a  simple  process  of  constriction  of  the  ends  of  the 
hyphsB,  and  pass  into  the  air  from  the  surface  of  the  mould-film,  and 
raaybe  widely  scattered  by  the  air-currents.  Likewise,  yeast-cells  may 
be  carried  about  in  the  air,  in  the  case  of  the  evaporation  of  a  fermenting 
fluid  and  the  conversion  of  its  residue  into  dust. 

The  moulds  may,  as  do  the  bacteria,  produce  poisonous  substances  in  the 
nuttitive  media  in  which  they  multiply^  usually  first  outside  of  the  human 
body,  and  when  these  are  taken  in  with  the  food  symptoms  of  intoxica- 
tion are  produced.  For  example,  the  chronic  disease,  known  as  pdUigra 
or  maidism,  which  occurs  particularly  in  Italy,  Spain,  southwestern  por- 
tion of  France,  and  Eoumania,  and  is  characterized  by  gastro-intCvStinal 
disturbances,  changes  in  the  skin,  spinal  and  cerebral  functional  disturb- 
ances, and  general  marasmus,  is,  according  to  the  view  of  many  writers, 
the  result  of  the  eating  of  corn  which  has  been  spoiled  through  the 
g:rowth  of  Aspergillus  fumigatus  and  flavescens  or  Penicillivm  glaueum. 
According  to  Ceni  the  active  poisonous  substances  are  produced  in  the 
spores  of  the  fungi. 

As  parasitic  agents  causing  disease  the  moulds  and  the  yeasts  cause 
only  local  infections  characterized  by  tissue  degeneration  and  inflamma- 
tion. 

The  moulds  develop  in  regions  accessible  from  without,  in  the  skin, 
the  ear,  mouth  cavity,  lungs,  etc.  They  usually  occur  first  as  sapro- 
phytes in  cerumen,  necrotic  lung  tissue,  etc.,  but  they  may  also  pene- 
trate into  living  tissue. 

The  thrush  fungus  occurs  chiefly  in  the  epithelium  of  the  upper  layer 
of  the  mucosa  of  the  alimentary  tract,  but  often  penetrates  into  the  con- 
Dective  tissue  and  causes  inflammation.  Hsematogenous  metastasis  is 
rare. 

The  cutanemis  moulds  multiply  in  the  epithelium  of  the  skin  and  cause 
inflammation  (favus,  herpes  tonsurans,  pityriasis  versicolor,  erytlirasma). 

The  yeast  fungi  develop  most  frequently  in  the  stomach,  particularly 
after  the  eating  of  fermenting  fruit  juices.  In  cases  of  glycosuria  they 
may  multiply  in  the  urinary  bladder  and  excite  there  a  fermentation. 
Within  the  tissues  they  develop  only  rarely,  and  cause  there  local  inflam- 
mations of  varying  character. 

Yeast-like  budding  fungi  occur  also  in  a  granulomatous  and  suppurative  process 
affecting  the  skin  and  internal  organs  (blastoinycetic  dermatitis,  blastomycosis,  sao- 
charomycosis,  coccidioidal  granuloma,  etc.).  The  majority  of  the  cases  have  oc- 
curred in  America.  The  parasites  involved  cannot  at  present  be  definitely  classified. 
By  some  writers  (Ricketts)  they  are  believed  to  belong  to  the  genus  Ofdium  {aidiomy' 
cosis).  Blastomycetes  are  supposed  to  be  the  cause  of  a  peculiar  suppurative  disease 
in  horses. 
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§  13.  The  production  of  disease  by  animal  parasites  is  most  fre- 
quently brought  about  by  the  introduction  of  mature  parasites,  larvsB, 
or  eggs  into  the  intestinal  tract  through  the  medium  of  the  food  and 
drink  or  by  unclean  fingers.  This  is  particularly  true  of  those  parasites 
whose  habitat  is  in  the  intestine  or  the  tissues  located  within  the  body; 
such  parasites  are  accordingly  designated  as  Entozoa.  Parasites  living 
in  the  outer  tissues,  as  the  ^in,  are  termed  JBpizoa;  they  remain  either 
on  the  surface  of  the  skin  or  i)enetrate  into  the  same  from  without. 
The  passage  of  parasites  from  the  intestine  into  the  internal  tissues  and 
the  changes  thereby  produced  constitute  the  condition  which  is  usually 
called,  after  the  designation  first  used  by  Heller,  an  invasion-disease. 
The  animal  parasites  for  the -greater  part  produce  only  local  changes, 
but  they  can  also  cause  symptoms  of  a  general  disease,  particularly  when 
the  parasites  increase  in  the  body  and  are  present  in  great  numbers  in 
the  blood  or  certain  tissues,  or  when  they  produce  toxic  substances. 

The  parasitic  protozoa  are  partly  harmless  parasites,  which  develop 
in  the  secretions  of  the  mucous  membranes  without  causing  pathological 
changes.  Other  forms,  on  the  contrary,  can  penetrate  into  the  living 
tissues,  increase  inside  of  cells,  and  give  rise  to  local  morbid  changes, 
characterized  chiefly  by  i>eculiar  new-formations  of  tissue  (coccidia-dis- 
ease  of  the  rabbit's  liver,  epithelioma  contagiosum).  Certain  forms, 
which  are  probably  to  be  classed  as  Sporozoa,  increase  in  the  blood,  £us 
inhabitants  and  destroyers  of  the  red  blood  cells,  and  are  the  cause  of 
the  infections  disease  known  as  malaria.  Others  still  (trypanosomata) 
inhabit  the  blood-plasma.  It  is  not  impossible  that  other  infectious  dis- 
eases, for  example,  small-pox,  are  caused  by  parasites  belonging  to  the 
Protozoa. 

The  parasitic  worms  (Nematodes,  Cestodes,  Trematodes)  occur  in  man, 
partly  in  the  adult  and  fully  developed  sexual  state,  and  partly  in  tlie 
larval  state.  In  the  first  case  they  are  for  the  greater  part  intestinal 
parasites,  which  obtain  nourishment  from  the  intestinal  contents,  rai'cly 
sucking  the  blood  from  the  intestinal  mucosa.  Fully  developed  worms 
are  also  found  in  other  regions,  as  in  the  blood-  and  lymph-vessels,  bile 
passages,  lung,  pelvis  of  the  kidney,  and  in  the  skin.  The  eggs  or  fully 
developed  larvae  produced  in  the  body  by  parasitic  worms  are  either  cast 
out  with  the  dejecta  or,  through  active  wandering  or  metastasis  through 
the  blood  or  lymph,  finally  reach  other  organs  of  the  body,  where  they 
pass  the  first  stage  of  their  development.     Here  they  remain,  however, 


INFECTION   BY   ANIMAL   PARASITES.  43 

in  a  larval  condition,  and  do  not  reach  sexual  maturity.  The  larvae  are 
capable  of  further  development  only  when  they  have  been  taken  into  a 
new  host,  or  have  been  a^ain  eaten  by  the  same  host. 

The  worms  which  reach  their  sexual  maturity  in  the  human  body  are 
taken  in  as  larvse  through  the  food  and  drink.  Their  first  stage  of  de- 
velopment is  p^tased  in  the  great  majority  of  cases  in  animals  whose  flesh 
is  used  for  food ;  in  other  cases  in  certain  of  the  lower  animals  not  used 
as  food.  Others  develop  in  water  or  damp  earth  or  even  in  the  human 
intestine,  so  that  the  embryos  or  eggs^  which  pass  off  with  the  dejecta, 
develop  at  once  in  case  they  are  again  introduced  into  the  intestinal 
tract  of  man. 

The  worms  which  occur  in  man  only  in  the  larval  condition  (hydatids) 
develop  from  eggs  which  have  come  from  sexually  mature  worms,  which 
inhabit  different  animals.  They  are  taken  into  the  intestinal  tract  usu- 
ally in  the  food  or  drink,  but  under  special  conditions  eggs  capable  of 
development  may  be  contained  in  the-dust  of  the  air,  and,  being  inhaled 
and  finally  reaching  the  intestinal  tract,  complete  the  first  stage  of  de- 
velopment. 

The  intestinal  parasites  for  the  greater  part  produce  only  slight  dis- 
torbanoes,  though  they  may  cause  mechanical  irritation  of  the  intestine. 
The  presence  of  blood-sucking  worms  in  large  numbers  {Anchylostoma 
duodenale)  can  cause  ansemia.  Some  also  produce  poison  {Boihrwceph- 
aim).  Those  parasites  which  enter  the  tissues  may  cause  in  their  vicinity 
mild  inflammation  and  proliferation  of  tissue,  M'hich  may  produce  more 
marked  clinical  symptoms  when  the  number  of  the  parasites  {trickina- 
larvw)  in  the  tissues  is  very  great.  Others  are  of  pathological  impor- 
tance, in  that  they  reach  a  large  size  (ecMnococcus  q^sts)  and  thereby 
crowd  aside  and  compress  the  neighboring  structures. 

Otherwise  their  pathogenic  significance  depends  essentially  upon  their 
location.  A  parasite  situated  in  the  muscles  or  subcutaneous  tissue  may 
cause  very  slight  symptoms,  while  one  in  the  eye,  medulla  oblongata, 
heart,  or  blood-vessels  may  cause  severe  disturbances,  and  under  certain 

conditions  death. 

The  parasitic  arthropoda  (Arachnida  and  Insects)  come  to  the  human 
body  partly  from  the  outer  world,  partly  from  infected  animals,  and 
partly  from  infected  human  beings.  They  belong  almost  wholly  to  the 
Epizoa,  which  have  their  habitat  in  and  upon  the  skin  and  accessible 
mucous  membranes  (lice,  bedbugs,  fleas,  mites)  or  only  occasionally  take 
their  nourishment  from  the  skin  (gnats,  gad-flies,  flies),  a  few  multiply 
either  in  the  skin  (itch-mite)  or  upon  its  surface  (lice).  Flies  and  gad- 
flies occasionally  lay  their  eggs  upon  the  mucous  membranes  or  surfaces 
of  wounds,  and  from  the  eggs  so  laid  larvee  may  develop.  The  larva  of 
an  arachnoid  (PerUastoma  derdieidatwm)  is  alone  found  in  the  internal 
organs.  In  so  far  as  these  parasites  penetrate  into  the  tissues,  they  cause 
irritation  and  inflammation ;  the  bite  of  insects  that  suck  blood  is  also 
followed  by  an  inflammation  in  the  neighborhood  of  the  puncture. 

Attention  has  recently  been  directed  to  the  possibility  that  mos- 
quitos,  stinging  flies,  gad-flies,  bed-bugs,  lice,  etc.,  may  be  the  conveyers 
of  an  infection,  in  that  bacteria  or  protozoa  may  by  chance  be  attached 
to  their  bodies,  or  that  in  the  act  of  sucking  blood  of  an  infected  man  or 
animal  they  may  take  up  into  their  bodies  either  bacteria  or  protozoa 
and  later  convey  them  to  other  individuals.  So  far  as  experience  goes, 
the  danger  of  such  conveyal  is  not  very  great  in  the  case  of  the  majority 
of  the  infectious  diseases,  since  the  bacteria  thus  taken  up  die  after  a 
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time ;  yet  it  is  probable  that  such  conveyal  does  take  place,  as,  for  ex- 
ample, in  plague,  infection  with  pus-cocci,  and  anthrax.  This  method 
of  conveyal  is  of  chief  importance  in  malaria,  in  that  the  pZ^wmodia  taken 
from  the  blood  of  infected  individuals  by  mosquitoes  (anopheles)  under^ 
further  development  in  the  body  of  the  mosquito  and  produce  a  new  generaHonj 
which  through  the  bite  of  the  mosquito  is  transferred  to  another  individual,  so 
that  the  spread  of  malaria  is  accomplished  through  mosquitos.  Similar 
conditions  exist  alsa  in  the  case  of  the  tsetse-fly  disease  and  Texas  fever 
of  cattle,  the  latter  being  conveyed  by  ticks.  Further,  it  is  claimed  by 
Manson,  Sonsino,  and  others  that  the  infection  of  man  with  the  filaria  is 
also  brought  about  through  the  agency  of  mosquitos. 

Of  the  parasitic  protozoa  there  should  be  mentioned  also  the  Amceba  dysefiiena. 
the  cause  of  one  form  of  dysentery  in  man;  the  Trypanosoma  evansif  the  cause  of 
surra;  Tr.  brucet,  the  cause  of  the  tsetse-fly  disease  or  nagana;  Tr.  gambiensc  the 
etiological  agent  in  himian  trypanosomiasis  or  sleeping-sickness;  and  the  Trichomams 
as  a  probable  causal  agent  in  catarrhal  conditions  of  intestine  or  genito-urinary  tract. 
Supposed  protozoan  parasites  have  also  been  described  as  the  causal  factors  of  small- 
pox, scarlatina,  tick-fever  in  man,  rabies,  syphilis,  tumors,  etc.,  but  convincing  proofs 
are  not  yet  at  hand.  A  protozoal  origin  is  also  assumed  by  some  writers  for  yellow- 
fever,  partly  because  of  the  fact  that  the  causal  agent  of  this  disease  is  conveyed  by  a 
mosquito,  Stegomyia  fasciata  (Reed  and  CarroU), 
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II.  Congenital  and  Inheritable  Anlage  of  Disease. 

1.  Immunity^  Predisposition^  and  Idiosyncrasy. 

§  14.  Toward  the  injurious  agents  capable  of  producing  disease  differ- 
ent individuals  show  very  different  powers  of  resistance,  and  such  differ 
ences  are  exhibited  particularly  in  the  case  of  the  infectious  diseases  and 
many  poisons.  When  an  individual  is  not  susceptible  to  a  given  infec- 
tion or  poison,  the  property  thus  manifested  is  designated  as  immunity 
and  as  insusceptibility  to  poison;  but  if  an  individual  is  easily  infected  bv 
a  pathogenic  microorganism,  we  assume  that  he  possesses  a  predisposition 
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to  the  given  disease.  If  influences  of  any  kind  having  no  effect  on  ordi- 
nary individuals  are  able  to  throw  certain  i)ersons  into  a  pathological 
condition,  this  phenomenon  is  explained  through  the  assumption  of  an 
extraordinary  sensitiveness,  an  idiosyncrasy. 

ImmunUy  and  predisposition  represent  the  opposite  behaviors  of  an 
organism  toward  external  injnriona  .agents,  but  at  the  same  time  they 
cannot  be  sharply  separated  from  each  other.  In  very  many  cases  the 
immunity  is  notabsolute  but  only,  relative,  so  that  the  individual  con- 
cerned may  be  made  ill  through  a  given  harmful  agent,  for  example,  a 
pathogenic  microorganism  or  a  poison,  when  the  agent  acta  in  its  char- 
acteristic manner  and  strength.  On  the  other  hand,  the  predisposition 
to  a  disease  may  be  but  slight,  so  that  the  latter  occurs  only  under  es- 
pecial conditions. 

An  absolute  immunity  or  insusceptibUUy  is  possessed  by  man  against 
many  of  the  microorganisms  pathogenic  for  animals,  for  example,  the 
bacteria  of  swine  plague,  swine  ery8ix)elas,  and  symptomatic  anthrax, 
and  this  may  rest  upon  the  fact  that  the  character  of  his  tissue  and  tissue 
juices  does  not  admit  a  localization  and  multiplication  of  the  given  bac- 
teria, or  that  the  poisons  produced  by  the  latter  are  not  poisonous  for  man. 

The  human  race  is  very  susceptible  to  smallpox,  vaccinia,  measles,  and 
influenza,  so  that  the  great  majority  of  human  individuals  in  the  course 
of  life  acquire  these  diseases.  In  the  case  of  other  disejises,  as  scarlet 
fever,  pneumonia,  typhoid  fever,  diphtheria,  the  susceptibiUiy  seems  much 
ksH,  but  it  is  not  possible  to  determine  exactly  to  what  extent  the  greater 
rarity  of  these  diseases  is  dependent  upon  ihei  fact  that  the  individuals 
not  affected  are  not  exposed  to  the  infection. 

In  the  case  of  many  infectious  diseases,  there  is  a  greater  suscepti- 
bility shown  in  childhood  than  in  old  age ;  as,  for  example,  diphtheria, 
whooping-cough,  and  scarlet  fever.  Further,  there  are  also  variations 
in  the  degree  of  susceptibility  at  different  times,  as,  for  example,  an  in- 
dividual may  be  exposed  at  certain  times  to  measles  without  becoming 
infected,  while  at  other  times  under  similar  conditions  he  may  contract 
the  disease. 

In  the  case  of  many  pathogenic  organisms  there  appears  to  be  neces- 
sary for  the  entrance  of  infection  a  certain /ai7orin^  condition  or  temporary 
increase  of  susceptibility.  As  evidence  of  this  may  be  taken  the  fact  that 
in  the  human  alimentary  canal,  especially  in  the  mouth  and  throat, 
as  well  as  in  the  respiratory  tract,  pathogenic  organisms  (streptococci, 
staphylococci,  pneumococci,  tubercle  bacilU)  may  be  present  without  the 
occurrence  of  an  infection.  It  may  also  happen  that  cholera  spirilla 
may  increase  abundantly  in  the  intestine  without  causing  marked  symp- 
toms. 

Such  occurrences  may  be  explained  in  part  by  a  decrease  or  loss  of 
virulence  on  the  part  of  such  bacteria,  but  this  explanation  cannot  be 
applied  to  all  cases.  In  many  instances  it  must  be  assumed  that  the 
harmlessness  of  the  bacteria  is  due  to  the  ability  of  the  tissues  to  hinder 
their  entrance  into  the  deeper  parts.  In  some  cases  this  may  depend 
npon  the  structure  and  organization  of  the  tissue,  in  other  cases  chemical 
sabstances  may  have  a  determining  influence  (see  §  29).  In  favor  of  the 
first  assumption  lies  the  fact  that  tissue-lesions,  ^hich  permit  of  the 
entrance  of  bacteria,  bring  about  an  infection.  A  wound^  therefore^ 
tn  whatever  way  produced,  forms  a  local  predisposition,  and  the  disease, 
in  snch  caaes^  bears  the  character  of  a  wound-infection.  Infections 
caused  by  pus-cocci,  tubercle  bacilli,  tetanus  bacilli,  glanders,  and  an- 
thrax bacilli  are  often  of  this  character. 
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Other  canses  leading'to  an  incr^sedjg^redisposition  to  infectioii  are 
less  easily  recognized.  It  appears  that  severe^cKillingy  ^taking  c^cold, "  or 
hunger  may  have  this  effect ;  also  changes  in  the  tismies  due  to  preceding 
infectious  or  non-infectious  local  or  general  diseases  (see  §  11,  Secondary 
Infections).  In  the  case  of  intestinal  infections  (typhoid,  cholera),  gagtro- 
intestinal  disturbances,  diminished  acidity  of  the  stomach  contents,  over- 
loading of  the  intestines,  retention  of  the  contents*  etc.,  play  an  impor- 
tant role.  Not  infrequently  it  is  impossible  to  determine  what  causes 
have  favored  the  production  of  an  infection  at  a  given  time. 

Special  predisposition  or  special  lessened  resistance  of  the  organ- 
ism is  also  not  infrequently  shown  to  other  injurious  agents  than  those 
of  infectious  nature.  Certain  individuals  are  less  able  than  others  to 
stand  external  high  temperatures,  particularly  if  at  the  same  time  bodily 
labor  is  performed.  Of  the  soldiers  on  a  march  only  a  fraction  may 
suffer  from  heat-stroke,  although  all  are  under  the  same  conditions.  The 
altitude  at  which  different  individuals,  during  mountain  ascents  and  bal- 
loon voyages,  become  sensible  of  the  deficiency  of  oxygen,  varies  greatly. 
The  effects  of  chloroform  ansesthesia  differ  greatly  in  different  individ- 
uals. Many  x>ersons  become  exhausted  through  physical  or  mental  la- 
bor at  a  time  when  in  other  individuals,  under  like  conditions,  no  trace 
of  such  exhaustion  is  discoverable ;  and  such  influences  operating  daily 
upon  a  brain,  in  cases  of  especial  predisposition,  may  lead  to  diseased 
conditions. 

Occasionally  certain  individuals  show  a  sensitiveness  toward  particu- 
lar external  influences,  which  is  wholly  anomalous  to  that  usually  ob- 
served, so  that  symptoms  of  disease  may  be  caused  by  influences  which 
ordinarily  do  not  affect  the  majority  of  mankind.  Such  a  peculiar  sen- 
sitiveness is  designated  idiosyncrasy.  It  is  exhibited  particularly  in 
reference  to  certain  chemical  substances,  in  that  certain  articles  of  food 
or  drink  regarded  as  harmless  act  upon  such  persons  as  poisons.  The 
eating  of  fresh  fruit  or  sugar  or  salad  produces,  in  certain  individuals, 
nausea  and  vomiting.  Others  have  an  aversion  to  partaking  of  dishes 
prepared  from  liver  or  kidneys,  and  become  ill  if  they  overcome  this 
aversion  and  eat  these  foods.  Others  still,  after  eating  crawfish,  lobster, 
strawberries,  raspberries,  morels,  or  asparagus,  are  affected  with  urti- 
caria, a  disease  characterized  by  an  eruption  of  itching  wheals,  colic,  and 
vomiting.  Not  a  few  x)ersons  are  unable  to  drink  boiled  milk  without 
unpleasant  results  therefrom,  ^cohol,  even  in  very  small  doses,  may 
in  certain  individuals  cause  marked  excitation,  or  narcosis,  or  remarka- 
ble disturbances  of  the  vaso-motor  system.  The  drinking  of  cocoa  may 
cause  cardialgia  and  dysx)eptic  symptoms.  Doses  of  morphine  or  chloro- 
form, which  are  borne  by  the  majority  of  mankind  without  injury,  may 
cause  in  certain  individuals  severe  symptoms  or  even  death.  Some  in- 
dividuals show  a  high  d^ree  of  sensitiveness,  on  the  part  of  the  mucous 
membranes  of  the  respiratory  tract,  to  the  pollen  of  certain  grasses,  so 
that  during  the  time  of  the  hay -harvest  the  inhalation  of  the  i>oIlen 
which  is  widespread  through  the  air  gives  rise  to  a  catarrhal  condition 
of  the  nose  and  conjunctiva,  often  of  the  larynx,  trachea,  and  bronchi, 
which  in  severe  cases  may  be  associated  with  asthma  and  fever.  These 
conditions  are  known  as  hay-fever^  hay-asthma,  or  as  pollen-diseasea 
According  to  the  investigations  of  Dunbar,  the  pollen  contains  a  subsfance 
that  may  be  extracted,  and,  when  injected  subcutaneously  into  those  dis- 
posed to  this  disease,  causes  the  characteristic  symptoms  of  intoxication. 
Disinfecting  fluids,  corrosive  sublimate  or  carbolic  acid,  in  solutions 
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which  are  ordinarily  borne  without  discomfort,  may,  when  applied  to 
the  skin  of  ceilain  individuals,  cause  not  only  local  disturbances  of  sen- 
sation and  inflammation,  but  under  certain  conditions  may  excite  an 
eczema  that  spreads  over  a  large  part  of  the  body. 

On  what  the  peculiar  idiosyncrasy  in  individual  cases  depends  is  not 
clear.  In  many  cases  an  esi)ecial  excitability  of  the  nervous  system  or 
of  certain  parts  of  the  same  may  be  regarded  as  the  cause  of  the  phenom- 
enon. In  the  case  of  an  idiosyncrasy  toward  chemically  active  sub- 
stances, it  may  be  assumed  that  the  affected  cell-protoplasm  contains 
atomic  groups  which  combine  with  the  given  substance. 

The  great  importance  of  the  part  played  by  natural  predisposition  and  immunity 
in  the  origin  of  infectious  diseases  has  not  only  been  made  evident  by  the  study  of  the 
spread  of  epidemics  among  men  and  animals,  but  has  received  also  abundant  confirma- 
tion by  numerous  experimental  investigations.  If,  for  example,  a  mixture  of  different 
bacteria  be  injected  into  an  animal,  only  a  part  of  these  wiU  develop  and  produce  tissue- 
changes;  the  others  die.  If  the  same  mixture  be  injected  into  an  animal  of  a  different 
species,  the  bacteria  which  develop  are  not  the  same  as  those  in  the  first  case.  Further, 
a  certain  form  of  bacteria,  which  when  inoculated  into  a  certain  species  of  mouse  in- 
variably causes  death,  may,  when  inoculated  into  another  mouse  of  different  species, 
be  without  effect.  Mice  are  very  susceptible  to  anthrax,  rats  are  nearly  immune.  The 
poison  of  the  so-called  septicaemia  of  rabbits  kills  with  absolute  certainty  rabbits  and 
mice;  piinea-pi^  and  rats  are  inunune  to  it,  while  sparrows  and  pigeons  are  suscepti- 
ble. The  spirilm  of  relapsing  fever  may  be  successfully  inoculated  only  into  apes. 
Gonorrhcea,  syphilis,  and  leprosy  cannot  be  successfully  inoculated  into  any  of  the 
lower  animals  with  the  exception  of  apes. 

In  the  case  of  a  natural  antitoxic  immunity  the  toxins  that  may  enter  the  organism 
may  remain  as  perfectly  harmless  material  in  the  body,  and  only  relatively  late  are 
spht  up  in  the  process  of  metabolism.  In  such  cases  the  avidity  between  the  toxin 
and  the  body  cells,  their  receptors  respectively,  may  be  entirely  wanting  or  very  slight. 
When  not  entirely  wanting,  an  increase  of  the  dose  may  produce  intoxication.  An 
immunity  against  small  doses  may  arise  through  the  anchoring  of  the  poison  (for  ex- 
ample, tetanus  poison)  to  tissue  elements  whose  changes  do  not  produce  symptoms  of 
disease;  or  antitoxins  may  be  present  which  render  the  toxins  inert. 

The  especial  diseases  to  which  the  new-bom  so  frequently  succumb  are,  aside  from 
the  conditions  acquired  during  intra-uterine  life,  dependent  partly  upon  a  pathological 
weakness  of  the  entire  organism  (especially  in  case  of  premature  birth),  and  partly  upon 
the  surrounding  conditions.  Asphyxia,  which  is  of  such  frec|uent  occurrence,  may 
arise  either  as  the  result  of  bodily  weakness  or  of  pathological  mfluences  exerted  dur- 
ing delivery.  Infectious  diseases  may  be  acauirea  through  the  stump  of  the  cord  or 
through  the  accessible  mucous  membranes  ana  reensiratory  tract  during  birth.  Hsemor- 
rhages  are  dependent  partly  upon  traumatic  influences  exerted  during  birth,  partly 
upon  disturbances  of  circulation  and  upon  infections. 

Nurslings  and  al8.#  older  children  are  more  susceptible  to  many  infections  than 
adults;  particularly  so  in  the  case  of  whooping-cough,  diphtheria,  measles,  scarlet 
fever,  and  tuberculosis.  In  the  intestine  of  nursing  infants,  bacilli,  tubercle  bacilli  in 
particular,  are  very  easily  taken  up  into  the  lymph- vessels;  the  skin  of  infants  also 
offers  less  resistance  to  the  entrance  of  pus-cocci  than  that  of  older  individuals.  Young 
dogs  may  be  easily  infected  with  anthrax  while  old  ones  cannot.  In  this  connection  it 
should  be  noted  that  the  slight  susceptibility  or  the  immunity  of  many  adults  is  de- 
pendent upon  the  fact  that  they  owe  tneir  immunity  to  attacks  of  such  diseases  during 
childhood.  Further,  it  should  be  remarked  that  children  are  more  exposed  to  certain 
infections,  for  instance,  tuberculosis,  than  are  adults. 

In  later  life  hemorrhages,  softening  of  the  brain,  cardiac  degenerations,  cancerous 
growths,  and  the  formation  of  gall-stones  are  of  especially  frequent  occurrence.  The 
disease  of  the  artenes  known  as  arteriosclerosis,  and  also  gout,  may  appear  even  in  the 
late  years  of  middle  life.  The  predisposition  in  old  age  to  certain  diseases  depends  in 
part  upon  degenerative  processes,  associated  with  premature  senility  of  the  tissues:  in 
part  also  upon  the  fact  that  certain  mfi  ences,  which  the  years  bring  with  them,  grad- 
ually accumulate,  so  that  finally  the  changes  which  they  produce  become  so  prominent 
that  they  lead  to  functional  disturbances,  and  thereby  to  recognizable  morbid  condi- 
tions. Moreover,  it  is  to  be  remarked  that  many  pathological  symptoms  of  old  age 
are  secondary  diseases,  which  become  apparent  only  after  other  tissue-chanpes  have 
reached  a  certain  degree.  For  example,  senile  hemorrhages,  senile  gangrene,  degenera- 
tions of  the  brain  and  heart  are  dependent  upon  disease-processes  occurring  in  the 
arteries. 
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The  ^redispositum  of  the  sexes  to  certain  diseases  depends^  in  the  first  place,  upon 
the  especial  structure  and  function  of  the  sexual  apparatus.  The  conditions  of  preg- 
nancy and  the  puerperium  offer  an  especially  favorable  field  for  many  diseases,  as,  for 
example,  for  infection  through  wounds.  Moreover,  different  relations  of  the  sexes  to 
many  diseases  may  be  explained  by  differences  in  the  modes  of  labor  and  in  the  habits 
of  living  of  the  two  sexes. 

Differences  of  predisposition  of  different  races  are  shown  particularly  in  regard  to 
malaria  and  dysentery,  toward  which  the  negro  in  general  shows  less  susceptibility 
than  the  European.  Malarial  parasites  may  be  present  in  the  blood  of  the  former 
without  giving  rise  to  symptoms  of  disease. 
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2,   InherUfMe  Di^ea^es  Arising  frmn  Congenital  Pathological  Aniage. 

§  15.  Among  the  morbid  conditions  arisini:  from  congenital  aniage, 
and  which  either  appear  spontaneously  or  are  developed  through  any 
external  influence  whatsoever,  there  may  be  distinguished  different 
groups;  namely,  one  in  which  the  body  as  a  whole— the  constitution— is 
involved ;  another  in  which  only  a  part  of  the  body  as  a  system  or  an 
oiigan  is  affected ;  and,  finally,  a  third  in  which  only  a  part  of  an  organ 
presents  functional  or  anatomical  changes  of  a  pathological  nature.  It 
must  be  noted  that  there  is  no  sharp  dividing  line  between  these  groups, 
inasmuch  as  local  pathological  changes  may  be  associated  with  constitn- 
tional  conditions.  Further,  it  is  often  very  difficult  or  impossible  to  de- 
termine exactly  what  jMurt  the  aniage  and  what  part  extrinsic  causes  have 
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taken  in  the  production  of  such  pathological  conditions,  inasmuch  as  the 
force  of  the  external  influence  which  has  called  the  pathological  process 
into  activity  cannot  be  estimated  with  certainty. 

Among  the  constitutional  diseases  arising  from  intrinsic  causes 
are  to  be  mentioned,  first,  the  development  of  dwarfs  and  giants,  dis- 
turbances of  growth,  the  first  of  which  is  marked  by  an  under-develop- 
ment  of  all  the  parts  of  the  body,  both  of  the  skeleton  and  the  soft 
parts,  while  the  second  is  characterized  by  a  growth  exceeding  that  of 
the  ordinary  individual.  It  cannot  be  doubted  that  both  dwarf  and 
giant  growths  are  often  purely  dependent  upon  a  congenital  anlage; 
but  the  same  effects  can  be  produced,  at  least  in  so  far  as  the  in- 
hibition of  growth  is  concerned,  by  harmful  influences  exerted  dur- 
ing the  x)eriod  of  development  and  growth.  It  cannot  always  be  told 
with  certainty  whether  an  abnormal  bodily  growth  is  dependent  upon 
a  congenital  anlage  or  upon  pathological  intluences  daring  the  period 
of  growth,  as,  for  example,  defective  development  or  disease  of  the 
thyroid  gland. 

The  same  difficulty  is  presented  in  cases  in  which  the  body  has  at- 
tained full  development  of  stature,  but  manifests  a  general  feebleness  of 
constitution,  as  shown  by  its  inability  to  withstand  a  great  variety  of 
external  influences.  Such  condition  may  arise  either  from  congenital 
defective  and  weak  anlage  or  from  harmful  influences  which  have 
attacked  the  developing  body  during  intra-  or  extra-uterine  life; 
or  further,  congenital  weak  anlage  and  external  weakening  influ- 
ences may  have  affected  the  development  of  the  individual  in  an  equal 
measure. 

A  further  constitutional  peculiarity,  which  is  founded  upon  a  spe- 
cial congenital  anlage,  is  corpulence  (obesUpy  adiposUaa,  liponuxUms  uni- 
versalis),  a  condition  in  which  fat  is  deposited  in  an  excessive  amount, 
either  in  the  tissues  normally  containing  fat,  or  further,  in  regions  which 
normally  contain  no  fat,  as,  for  example,  beneath  the  endocardium  or 
between  the  muscles.  The  increased  deposit  of  fat  is  ultimately  to  be 
referred  to  a  disproportion  between  fat-production  or  fat-supply  and  fat- 
consumption,  the  pathological  increase  of  fat  being  at  one  time  depend- 
ent upon  an  abnormal  increase  of  fat-production,  at  another  on  a  de- 
crease of  fat-consumption.  Daily  exi)erience  teaches  that  the  energy 
with  which  metabolism  goes  on  in  the  body  differs  greatly,  and  changes 
also  at  the  different  jieriods  of  life,  so  that  the  normal  amount  of  nour- 
ishment tends  at  one  time  to  fatten,  at  another  time  does  not. 

In  the  pathological  condition  termed  obesity,  which  in  part  rests 
upon  a  congenital  tendency,  the  energy  of  the  protoplasmic  forces  of 
destructive  metamorphosis  is  weakened,  so  that  an  abnormal  amount  of 
fat  is  deposited,  even  when  only  a  moderate  or  even  a  decreased  amount 
of  nutritive  material  is  supplied  to  the  tissue. 

Qoatf  like  obesity,  is  also  a  constitutional  disease,  which  is  chiefly 
dependent  upon  a  ^congenital  anlage  and  is  produced  essentially  by  in- 
trinsic causes.  The  exact  nature  of  the  disease  is  not  yet  known.  It  is 
characterized  by  deposits  of  uric  acid  in  the  tissues.  According  to  Gar- 
rod  and  Ebstein,  the  acute  attacks  of  gout  are  caused  by  an  accumula- 
tion of  uric  acid  which  has  its  origin  either  in  the  kidneys  or  in  local 
conditions.  On  the  other  hand  Pfeiflfer  holds  that  the  essential  feature 
of  the  gouty  tendency  consists  in  the  fact  that  the  uric  acid  is  produced 
in  a  form  which  is  soluble  only  with  diflQculty.  According  to  von 
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Noordeu,  the  formation  and  deposit  of  uric  acid  is  only  a  secondary 
process,  which  is  induced  by  the  presence  of  a  certain  ferment  hariog 
only  a  local  action,  and  is  consequently  not  dependent  upon  the  amount 
or  character  of  the  uric  acid  formed  in  other  parts  of  the  body. 

Pathological  changes  arising  in  single  systems  and  organs  from 
congenital  aniage  may  occur  in  any  part  of  the  body,  and  may  involve 
an  entire  system  or  organ,  or  only  a  part  of  one. 

In  the  skeleton  there  may  occur  abnormal  development  of  single 
parts,  as,  for  example,  an  abnormal  smallness  of  the  extremities  (micro- 
melia)  oY  of  the  head  (microcephalus)  in  contrast  to  the  size  of  the 
trunk;  an  abnormal  over-development  of  a  bone  or  group  of  bones 
(macrocephalus,  macrodactylism,  giant  growth  of  a  finger,  entire  foot, 
or  of  an  extremity)  ;  malformations  of  the  extremities  (cleft-hand,  cleft- 
foot,  etc.).  Occasionally  supernumerary  bones,  as  carpal  bones  or 
phalanges,  may  develop,  giving  rise  to  supernumerary  fingers.  Fur- 
ther, there  may  be  developed  atypical  formations,  such  as  bony  ont- 
growths  (exostoses,  hyperostoses),  which  may  extend  over  the  skeleton 
to  a  greater  or  less  extent^  originating  either  spontaneously  or  following 
some  traumatism. 

In  the  muscular  system  there  occur  particularly  pathological  bony 
formations,  either  single  or  multiple  (myositis  ossificans),  which,  in  the 
period  of  childhood,  occasionally  lead  to  a  progressive  stiffness  of  the 
muscles,  through  the  transformation  of  muscle  into  bony  plates. 

In  the  vascular  system  there  occur  either  gross  anatomical  changes, 
such  as  abnormal  branching  of  the  arteries,  pathological  development 
of  the  heart,  or  finer  changes,  which  reveal  themselves  through  some 
abnormal  action  on  the  part  of  the  circulatory  apparatus  or  through  a 
tendency  to  haemorrhages  QuBmophUia)  which  take  place  spontaneously, 
that  is,  without  our  being  able  to  demonstrate  the  action  of  some  in- 
jurious influence  upon  the  heart  or  blood-vessels. 

During  the  development  of  the  central  nervous  system  there  may 
occur  primary  disturbances,  which  in  part  may  manifest  themselves  only 
through  some  pathological  disturbance  of  function  or  aofne  special  predis- 
position to  disease,  while  others  are  distinguished  by  gross  anatomical 
changes,  such  as  abnormal  smallness  of  the  brain  (micrencephalon)  or  of 
the  spinal  cord  (micromyelia),  defective  development  or  absence  of  par- 
ticular parts  (see  chapter  on  malformations),  misplacement  of  the  gray 
matter  (heterotopia  of  the  gray  substance),  abnoimal  formation  of  cavi- 
ties (syringomyelia),  or  abnormal  formations  of  neuroglia.  These  dis- 
turbances may  involve  the  functions  of  the  sensory  organs  and  the  motor 
centres,  and  even  to  a  greater  extent  the  psychical  processes.  The  mor- 
bid conditions  known  as  idiocy,  epilepsy,  periodic  and  circular  insanity, 
hysteria,  neurasthenia,  as  well  as  paralysis,  mania,  melancholia,  and 
dementia,  may  have  their  origin  in  a  congenital  predisposition.  Be- 
cently  the  tendency  to  crime  has  also  been  ascribed  to  a  congenital  pre- 
dispasition,  and  Lombroso,  in  particular,  has  endeavored  to  prove  that 
the  man  who  lives  only  through  crime  and  for  crime,  the  Homo  delin- 
quens,  is  a  congenital  criminal — that  is,  a  man  who  suffers  from  bodily 
and  mental  abnormalities,  who  possesses  other  physical  and  psychical 
characters  than  the  normal  man  or  even  than  one  who  is  simply  men- 
tally unbalanced,  in  that  he  presents  the  symptoms  of  a  form  of  degener- 
ation tending  in  a  well-defined  direction.  According  to  Lombroso,  a 
subnormal  development  of  the  anterior  half  of  the  cranium,  associated 
with  a  corresponding  lack  of  development  of  the  anterior  portion  of  the 
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cerebrum,  iu  connection  with  an  over-development  of  the  posterior  por- 
tion, produces  a  feebler  development  of  the  intelligence  and  of  the  moral 
sense,  and  favors  a  strongly  developed  instinct-life.  Benedikt  even  goes 
so  far  as  to  maintain  that  the  criminal  possesses  a  peculiar  configuration 
of  the  cerebral  convolutions,  similar  in  type  to  those  of  beasts  of  prey. 

The  views  of  Lombroso  and  Benedikt  have  met  with  much  opposi- 
tion, and  have  been  attacked  as  incorrect.  There  can  be  no  doubt  that 
there  does  not  exist  a  degenerate  si)ecies  of  the  human  race,  which  is 
characterized  by  such  anatomical  peculiarities  s»  to  make  it  possible  for 
us  to  distinguish  a  class  of  Homo  delmquens  from  that  of  Homo  sapiens. 
All  the  somatic  x>eculiarities  regarded  as  characteristic  of  the  criminal 
type — tis,  for  example,  the  beast-of-prey  type  of  cerebral  convolutions, 
slightly  developed  frontal  brain,  receding  forehead,  massiveness  of  the 
lower  jaw,  prognathia,  asymmetry  of  the  cranium,  marked  prominence 
of  the  arcus  sui>erficialis  and  arcus  frontalis,  pathological  conformations 
of  the  skull,  etc. — while  relatively  frequent  in  criminals,  are  also  far 
from  being  infrequent  in  normal  men.  On  the  other  hand,  it  is  not  to 
be  doubted  that  the  tendency  to  crime  is  very  frequently  dependent  upon 
a  congenital  predisposition  having  its  seat  in  some  special  organization 
of  the  central  nervous  system.  In  this  respect  the  criminal  resembles 
the  insane  individual;  further,  mental  diseases — for  example,  epilepsy 
and  hysteria — are  often  observed  in  criminals. 

Pathological  cerebral  functions  may  develop  primarily  in  individuals 
possessing  such  morbid  predispositions — that  is,  without  external  influ- 
ences playing  any  part  in  the  production  of  the  disturbance,  so  that  the 
person  concerned  may  manifest  pathological  disturbances  of  cerebral 
functions  without  the  concurrence  of  any  external  injury,  either  during 
the  period  of  development  and  growth  or  later.  On  the  other  hand,  in 
other  cases,  external  influences — such  as  mental  work,  sorrow,  care, 
psychical  irritation,  disease,  etc. — are  the  causes  which  give  rise  to  the 
particular  illness — that  is,  to  the  occurrence  of  pathological  brain  or 
spinal-cord  functions.  In  these  cases  the  inherited  tendency  consists 
only  in  an  abnormal  weakness,  a  predisposition  to  disease  of  the  central 
nervous  system,  so  that  insignificant  infiuences  which  would  produce  no 
recognizable  eflfects  upon  a  normal  individual  are  sufficient  to  excite  the 
morbid  phenomena.  Since  many  influences,  as  diseases,  infections, 
psychical  irritations,  are  adequate  under  certain  conditions  to  produce 
mental  diseases  in  individuals  who  must  be  regarded  as  normal,  it  is 
clear  that  in  many  instances  it  is  difficult  and  often  impossible  to  deter- 
mine what  part  the  intrinsic  causes — the  inherited  predisposition — and 
what  part  the  extrinsic  causes  have  had  in  the  production  of  a  disease 
of  the  central  nervous  system. 

In  the  case  of  the  peripheral  nerves,  it  is  especially  their  connective- 
tissue  elements  which  often  take  on  a  pathological  activity  of  growth 
under  the  influence  of  intrinsic  causes.  This  activity  may  manifest  it- 
self partly  in  the  form'  of  diffuse  thickenings  (fibromatosis  of  the  nerves), 
which  are  situated  either  along  the  course  of  those  nerves  large  enough 
to  be  dissected  with  the  knife  or  along  the  finer  nerves,  often  in  large 
numbers  through  the  entire  nervous  system,  and  occasionally  involving 
the  entire  territory  of  the  peripheral  nerves,  the  skin  being  most  fre- 
quently affected  (multiple  fibromata  of  the  skin).  In  individual  cases 
the  fibromatosis  of  the  nerves  is  associated  with  an  increase  in  the  num- 
ber of  nerve-fibres,  so  that  within  a  given  area  of  nerve-distribution 
there  will  be  found  a  great  increase  of  nerve-fibres,  thickened  through  a 
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pathological  increase  of  the  endoneurium  and  for  the  greater  part  twisted 
and  wound  into  serpentine  forms  (cirsoid  neuroma,  plexiform  neuroma). 

Among  the  congenital  pathological  conditions  of  the  visual  appa- 
ratus are  to  be  mentioned  in  particular  dyschromatopsia  and  achroma- 
topsia, congenital  partial  or  total  color-blindness,  which  are  frequently 
spoken  of  as  Daltonism,  and  are  characterized  by  a  want  of  perception 
for  certain  colors  (most  frequently  for  red  and  green)  or  for  all  tk 
colors.  In  this  same  category  belongs  further  the  typical  pigment  degen- 
eration of  the  retina,  in  which  there  occurs  a  i)eculiar  spotted,  black 
pigmentation  of  the  retina,  associated  with  a  diminution  of  central 
sharpness  of  vision  and  light-perception,  with  a  narrowing  of  the  visnal 
field.  Finally,  certain  forms  of  myopia,  also  albinism  (absence  of  pig- 
ment in  the  choroid),  the  latter  condition  also  involving  the  structures 
of  the  skin,  are  to  be  considered  in  this  connection. 

Of  intrinsic  conditions  of  the  auditory  apparatus  deaf-mutism  is  of 
chief  importance;  this  condition,  in  part  at  least,  is  dependent  upon  a 
primary  disturbance  of  development.  Further,  certain  malformations 
of  the  external  ear  fall  into  this  class. 

In  the  skin  and  subcutaneous  connective  tissue  new-growths  may 
develop  from  congenital  anlage,  consisting  of  proliferations,  sometimes 
of  connective  tissue,  at  other  times  of  epithelium.  They  often  involTe 
particular  parts  of  the  skin,  as  the  cutaneous  nerves,  blood-vessels, 
lymph-vessels,  or  the  adipose  tissue.  When  occurring  as  extensive 
thickenings  of  the  skin  and  subcutaneous  tissue,  they  constitute  the 
foundations  of  the  conditions  known  as  fibromatous,  neuromatous, 
hsemangiomatous,  lymphangiomatous,  and  lipomatous  elephantiasis.  A>s 
circumscribed  growths  they  are  known  as  birth-marks,  fleshy  moles, 
lentigines,  freckles,  and  tumors  of  the  blood-  and  lymph -vessels.  The 
epithelial  hypertrophies  give  rise  to  those  conditions  designated  as  fish 
scale  disease  or  ichthyosis,  ichthyotic  warts,  and  cutaneous  horns. 

In  addition  to  the  pathological  conditions  which  have  been  mentioned 
there  are  also  malformations  of  the  iMxly  (see  chapter  on  malforma- 
tions) or  also  of  internal  organs  which  must  be  regarded  as  primarr- 
i.e.,  which  are  not  produced  by  injurious  influences  exerted  upon  the 
developing  foetus.  Finally,  many  forms  of  tumors  (see  chapter  od 
tumors)  are  to  be  placed  in  this  class,  particularly  those  which  are  fomid 
to  be  already  developed  at  birth  or  which  develop  during  childhood. 

Literature. 

(Diseases  Arising  from  Intrinsic  Causes,) 

Anton:  Die  Aufgaben  d.  Fsjehiatrie  u.  d.  Lehrc  v.  d.  Vererbung  v.  Nenrenkrank- 

heiten,  Wien.  1892. 
Baer:  Der  Verbrecher  in  anthropologischer  Beziehunff,  Stuttgart.  1893. 
Benedikt:  Anat.  Studien  an  Verbrechergehirnen,  Wien,  1879;  Cent.  f.  d.  med.  Wi&. 

1880. 
Charcot:  Maladies   des  vieillards,  gouttes  et  rhumatisme.    (Eav.  compl.,  vii.,  Paris, 

1890. 
Cohn:  Studien  Uber  die  angeb.  Farbenblindheit,  Bieslau,  1879. 
Crocq:  L*unit§  de  la  diath^se  et  1'heredite  morbide.     Rev.  de  m6d.,  1898. 
Ebstein:   Die  Fettleibigkeit,  Wiesbaden.  1882;  Natur  und  Behandlung  der  Gkht 

Wiesbaden.  1882;  Beitr.  z.  Lefare  von  der  hamsauren  Diatbese,  Wiesbaden,  l?^*- 

Die  Stellung  der  Fettleibigkeit.  der  Gicht  und  der  Zuckerkrankheit  im  nosolog. 

System.    Deutsch.  med.  Woch.,  1898. 
Tire :  Nervenkrankheiten  und  iiire  Vererbung,  Berlin,  1896. 
I«e  Ghendre:  L'heredite.    Pathol,  g^n.  i)ubl.  par  Bouchard,  i..  Paris,  1895. 


THE   INHERITANCE   OF   DISEASE.  53 

Orassmann:  Erblichkeit  dcr  Psychosen.    Zeitschr.  f.  Psych.,  52  Bd.,  1895. 

Haeckel:  Anthropogenie,  1891. 

Kisch:  Die    Fettleibigkeit,  Stuttgart,  1888,  and   Eulenburg's   Realencyklop.,  Art 

Fettsucbt,  1895. 
Kolisch:  Wesen  und  Behandlung  der  uratiscbcn  Diathese,  Stuttgart,  1895. 
Koller:  Erblichkeitsstatistik  der  Geisteskrankheiten.    Arch.  f.  Psych.,  27  Bd.,  1895. 
Kurella:  Cesare  Lombroso  und  die  Naturgeschichte  des  Verbrechers,  Hamburg,  1898. 
Lee:  De  Tobesite.  Paris.  1886. 

Locher-Wild:  Ueber  Familienanlage  und  Erblichkeit,  Zurich,  1874. 
Lombroao:  Der  Verbrecher,  i.-iii.  (mit  Bilderatlas),  Hamburg.  1891-1895. 
Lombroso  u.  Ferrero:  Das  Weib  als  Verbrecherin  und  Prostituirte,  Hamburg,  1894 
Minkowski:  Die  Gicht,  Wien.  1903. 

▼.  Noorden:  Pathologie  des  Stoffwechsels  (Fettsucht,  Gicht),  Jena,  1898. 
Pfeiffer:    Das  Wesen  der  Gicht.  Wiesbaden,  1891. 

Schaeffer:  F5tale  Ohrformen  bei  Erwachsenen.    Arch.  f.  Anthropol.,  xxi.,  1892. 
Semoff:  Die  Lehre  Lombroso 's.    Biol.  Centralbl.,  xvi.,  1896. 
Virchow:  Deacendenz  u.  Pathologie.     Virch.  Arch.,  103  Bd.,  1886. 
Wagner:  Die  Krankheitsanlage.     Deutsch.  Arch.  f.  kiln.  Med.,  28  Bd.,  1888. 
Wiedersheixn:  Der  Bau  des  Menschen,  Freiburg,  1902. 

See  also  §  17. 

§  16.  The  origin  of  congenital  pathological  anlage — that  is, 
of  diseases  in  which  extrinsic  inflaences  are  either  entirely  absent  daring 
both  intra-  and  extra-nterine  life,  or  are  of  significance  only  as  a  source 
of  irritation  sufficient  to  excite  into  development  pathological  tendencies 
already  present  in  the  body — may  be  explained  in  two  ways:  Either  the 
pathological  peculiarities  of  the  individual  concerned  are  inherited  from  the 
ance^orSy  or  they  are  developed  from  the  seed,  i.e.,  from  the  individual  sexual 
nudei  that  have  copulated  or  from  the  segmentation  nucleus  resulting  from 
their  union. 

The  inheritance  of  pathological  qualities  is  a  fact  clearly  shown  by 
clinical  observations,  inasmuch  as  many  of  the  examples  of  diseases  due 
to  intrinsic  causes  which  are  cited  in  §  16  also  appear  as  inheritable 
characteristics  in  certain  families.  In  some  cases  these  characteristics 
are  transmitted  from  the  parents  to  the  children,  in  other  cases  the 
grandchild  may  exhibit  pathological  X)eculiarities  of  the  grandparents, 
the  parents  themselves  remaining  exempt;  finally,  in  other  cases  the 
pathological  peculiarity  may  be  manifested  in  individuals  of  the  collat- 
eral branches,  as  from  uncle  to  nephew.  Dwarfishness  and  giantism  are 
pathological  peculiarities  which  frequently  characterize  certain  families. 
Six  fingers,  cleft-h^d  and  cleft-foot,  hare-lip,  dextrocardia,  birth-marks, 
multiple  exostoses,  fibromatosis  of  the  nerves,  and  multiple  neurofibro- 
mata  may  appear  in  families  for  many  successive  generations. 

Congenital  hsemophilia  is  also  an  inheritable  condition,  which  is 
ordinarily  transmitted  through  the  daughter  to  a  male  grandchild,  the 
daughter  not  showing  the  disease.  There  may  occur,  however,  a  direct 
transmission  of  hsemophilia  from  parents  to  children.  Partial  or  total 
color-blindness  also  occurs  as  an  inheritable  family  disease,  esx)ecially 
affecting  the  male  members^  and  like  hcemophilia  is  transmitted  through 
the  female  line,  which  does  not  suffer,  to  the  male  descendants.  T^e 
typical  pigment-degeneration  of  the  retina,  myopia,  deaf -mutism,  oer- 
tain  forms  of  progressive  muscular  atrophy,  and  polyuria  (Weyl)  are 
also  inheritable. 

According  to  Oairdner  and  Oarrod,  in  about  ninety  per  cent  of  the 
cases  of  gout  there  is  a  family  history  of  the  disease. 

Of  the  pathological  conditions  of  the  nervous  system  many  are  in- 
heritable; to  these  belong  especially  periodic  and  circular  insanity, 
epilepsy,  hysteria,  congenital  insanity,  and  to  a  somewhat  less  extent 
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melancholia,  mania,  delosional  insanity,  and  alec^<^iam.  ProgieasiTe 
paralysis,  the  delirioms^  and  the  conditions  of  nervous  exhaustion  are 
but  slightly  inllaenced  by  heredity  (Kraepelin).  Hagen  estimates  the 
number  of  hereditiuy  insane  at  28.9  per  cent,  Leidesdorf  at  25  per  cent, 
Tigges  at  over  40  per  cent  of  all  cases,  while  Forel  holds  that  69-85  i)er 
cent  have  here^litary  taint. 

In  the  most  severe  forms  of  hereditary  degeneration  the  pathological 
condition  itself  is  inherited,  but  more  frequently  the  predisposition  to 
disease  is  alone  inherited  and  the  morbid  condition  itself  is  developed 
through  the  action  of  extrinsic  harmful  influences  upon  the  central  ner- 
vous system.  The  character  of  the  disease  in  the  descendants  may  be 
the  same  as  in  the  ancestors  (ideittiojl  heredity).  More  often  the  charac- 
ter of  the  disease  is  changed  (traHsformational  heredity)^  not  infrequently 
in  the  sense  that  the  severity  of  the  condition  increases  from  generation 
to  generation  (degenerative  heredity). 

According  to  Morel,  there  may  appear,  for  example.  In  the  first  gen- 
eration, nervous  temperament,  moral  depravity,  excesses;  in  the  second,  a 
tendency  to  apoplexy,  severe  neuroses,  alcoholism ;  in  the  thinl,  psychi- 
cal disturbances,  suicidal  tendency,  intellectual  incapacity;  finally,  iu 
the  fourth,  congenital  idiocy,  malformations,  and  arrests  of  development. 

The  occurrence  of  inheritable  diseases  is  by  no  means  remarkable; 
it  is  a  trell-known  fact  that  in  a  family  not  only  the  peculiarities  of  race, 
but  also  of  that  particular  family  are  inherited,  and  that  very  often  the 
characteristic  qualities  of  either  parent  or  of  both  recur  in  the  childreu. 
As  a  hypothesis  for  the  explanation  of  hereility,  it  is  only  necessary  to 
assume  that  the  peculiar  quality  under  consideration  represents  not 
merely  a  somatic  change  accidentally  acquired  during  the  life  of  the  an- 
cestor, but  much  rather  a  quality  of  the  ancestor  developed  from  a  con- 
l^enital  aniage.  Diseases  which  in  a  normal  individual  arise  only  un- 
der the  influences  of  some  external  injurious  influence  are  never  in  a  trne 
sense  inherited  (compare  §  17),  but  only  those  pathological  conditions 
exiting  in  the  germ  are  to  be  r^arded  as  examples  of  true  inheritance. 
If  a  certain  disease,  as»  for  example,  a  mental  disease  or  myopia,  is  the 
product  of  a  special  inherited  predisposition  plus  the  effect  of  injurious 
influences  which  have  acted  upon  the  body  during  life,  only  that  part 
can  be  transmitted  which  has  its  seat  in  some  peculiar  congenital  anlage, 
but  not  that  caused  by  external  influences — ^the  acquired  condition  c:m- 
not  be  inherited. 

In  direct  inheritance — i.e.,  in  that  form  of  inheritance  in  which 
parental  qualities  are  transmitted  to  the  child — ^the  transmission  of  nor- 
mal as  well  as  of  pathological  qualities  is  possible  only  when  both  sexual 
cells,  in  the  condition  in  which  they  combine,  contain  the  potentialities 
of  the  characteristics  of  both  parents,  in  so  far  as  these  characteristics 
are  transmissible.  The  product  of  the  union  of  the  sexual  cells — ^the 
segmentation-cell— must,  therefore,  contain  within  itself  both  the  in- 
ternal and  maternal  qualities.  Since  the  sexual  cells  do  not  represent 
a  product-  of  the  body  developing  during  the  course  of  life,  but  are  rather 
to  be  regarded  as  independent  structures,  which  at  an  early  period  of 
development  are  separated  from  the  other  parts  of  the  bo<ly  (that  is,  from 
the  somatic  cells)  into  special  organs,  where,  protected  and  nourished  by 
the  body  to  which  they  belong,  they  lead  an  independent  existence ;  the 
only  possible  explanation  for  the  phenomenon  of  inheritance  is  found  in 
the  hypothesis  that  the  individual  sexual  cells  contain,  from  the  time  of 
their  origin  onward,  the  potentialities  of  the  same  qualities  which  appear 
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in  the  body  in  which  they  dwell.  Both  the  sexual  cells  and  the  body 
itself,  therefore,  inherit  in  general  the  same  qualities  from  the  ancestors. 
Since  in  the  act  of  fructification  only  the  nuclei  of  the  sexual  cells — ^that 
is  pails  of  the  same — come  to  copulation,  we  are  compelled  further  to 
'(i^unie  that  the  nuclei  are  the  bearers  of  inheritable  qualities,  and  the 
peculiarities  of  the  individual  arising  from  the  combination  of  the  sex- 
ual nuclei  have  their  foundation  in  the  organization  of  the  nuclei. 

The  appearance  in  the  descendants  of  normal  or  pathological  char- 
acters belonging  to  the  collateral  relatives  (uncle,  great-aunt,  or  cousin), 
but  which  are  not  present  in  the  parents,  is  known  as  coUaieral  inheri- 
tance. This  phenomenon  is  explained  by  the  hypothesis  that  the  sexual 
cells,  in  their  origin,  received  characteristics  which  the  bodies  of  the 
parents  did  not  receive,  or  which,  at  least,  did  not  undergo  development 
and  manifest  themselves  in  the  parental  bodies,  whereas  in  certain  rela- 
tives they  did  become  manifest. 

The  appearance  in  an  individual  of  normal  or  pathological  character- 
istics which  were  wanting  in  the  parents,  but  were  present  in  the  grand- 
parents or  great-grandparents,  is  known  aa  atavistic  inheritance.  This 
phenomenon  is  explained  by  the  hypothesis  that  given  characteristics  of 
the  grandparents  or  great-grandparents  were  transmitted  to  the  sexual 
cells  of  the  son,  or  of  the  son  and  grandson,  without  developing  in  the 
body  of  the  first,  while  the  quality  thus  remaining  latent  became  again 
manifest  in  the  grandson  or  great-grandson. 

The  attempt  has  been  made  to  give  to  the  atavistic  mode  of  transmis- 
sion— which  is  of  frequent  occurrence  and  is  usually  confined  to  the 
immediate  generations  of  ancestors — a  wider  significance  in  pathology. 
Thus  it  has  been  proposed  to  explain  the  occurrence  of  many  newly  aris- 
ing pathological  conditions,  which  appear  similar  to  certain  somatic 
qualities  possessed  by  remote  animal  species  in  the  ancestry  of  man,  as  a 
reversion  to  the  type  of  these  ancestors.  For  example,  microcephalus 
and  micrencephalus  have  been  explained  as  a  reversion  to  the  ape  type; 
and  Lombroso  is  inclined  to  regard  the  homo  delinquens  as  an  atavistic 
phenomenon.  There  can  be  no  doubt  that  certain  writers  have  gone  too 
far  in  this  respect  and  have  mistaken  certain  acquired  pathological  for- 
mations or  new  germ- variations  (compare  §  17)  for  atavistic  conditions. 
Aside  from  the  question  of  reversion  to  the  type  of  the  nearest  genera- 
tions of  ancestors,  atavism  plays  but  an  insignificant  part  in  pathology, 
and  it  can  really  be  employed  only  in  the  explanation  of  pathological 
formations  in  which  the  tissues  show  a  certain  fiuctuation  of  behavior, 
so  that  not  rarely  formations  arise  which  in  phytogeny  or  ontogeny  rep- 
resent stages  of  the  then  normal  conditions.  In  this  category  belong,  for 
example,  the  occurrence  of  certain  forms  of  the  ear,  supernumerary  ribs, 
nipples,  or  mammary  glands,  and  the  development  of  certain  muscles 
which  are  found  in  the  most  closely  related  mammals. 

It  is  held  by  many  writers  that  in  individual  eases,  acquired  pathological  eonditiom 
may,  under  certain  circumstances,  be  transmitted  to  the  descendants.  Some  even  affirm 
the  possibility  of  hereditary  transmission  of  deformities  caused  by  injury,  and  regard 
sach  transmission  as  proved  in  certain  cases.  In  support  of  their  view  they  believe 
that  tbcy  can  refer  to  the  hereditary  transmission  of  birth-marks,  malformations  of  the 
fingers,  ro^'^opia,  mental  diseases,  predisposition  to  tuberculosis,  etc.,  as  examples,  ac- 
cording to  their  assumption,  of  diseases  which  appeared  in  the  first  instance  as  ac- 
quired, and  which  were  then  transmitted  to  the  descendants.  Further,  they  hold  that 
they  can  point  to  observations  on  animals,  of  which  numerous  accounts  are  found  in 
the  literature,  as  giving  evidence  that  injuries  may  cause  deformities  which  are  later 
transmitted  to  the  offspring. 
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An  unprejudiced  examination,  bowever,  of  the  material  collected  in  support  of 
tliis  view  shows  that  observations  which  establish  the  hereditary  transmission  of  pathdi^- 
ical  characteriitics  acquired  in  the  individual  do  not  exist.  The  alleged  proofs  are  found 
in  part  to  be  based  upon  inaccurate  observations,  in  part  upon  incorrect  inferences 
drawn  from  accurate  observations.  For  example,  the  assumption  that  the  occurrence 
of  a  birth-mark  in  a  child  in  the  same  region  of  the  skin  as  that  in  which  the  motlicr 
has  a  scar  is  a  proof  of  inherited  deformity  is  wholly  in  the  wrong,  inasmuch  as  birth- 
marks and  scars  represent  two  entirely  different  pathological  processes.  If,  among  the 
descendants  of  a  man  who  suffered  from  some  form  of  mental  disease  and  who  showed 
this  disease  only  after  a  certain  age  through  the  perversity  of  his  actions,  there  appears 
an  inheritable  disease  of  the  central  nervous  system,  or  if  we  note  a  similar  occurrence 
in  the  case  of  myopia,  we  cannot  conclude  from  such  observations  that  the  disease  of 
the  ancestor  was  purely  an  acquired  condition.  The  term  acquired,  in  the  biological 
sense,  can  be  applied  only  to  that  which  in  the  course  of  the  life  of  an  individual  arises 
purely  from  extrinsic  influences,  but  not  to  a  quality,  the  anlage  of  which  existed  al- 
ready in  the  germ-cell,  although  this  quality  did  not  become  manifest  until  excited  to 
development  by  extrinsic  influences,  should  there  appear  in  a  family  inheritable  men- 
tal diseases  or  hereditary  myopia,  the  first  case  of  such  diseases  may  have  already  been 
due  to  some  pathological  alteration  of  the  germ,  although  no  manifestations  of  the  dis- 
ease occurred  until  some  of  the  outside  influences  of  life  excited  it  to  activity,  and  so 
rendered  possible  the  recognition  of  the  pathological  condition.  The  particular  patho- 
logical condition  in  this  case  cannot,  therefore,  be  regarded  as  a  purely  acquired  disiAse. 

The  observations  of  Brown-Sequard  that  guinea-pigs,  in  which  epilepsy  has  been 
experimentally  induced,  can  transmit  the  condition  of  epilepsy,  have  been  shown  by 
Hommer  to  be  incorrect,  in  that  the  condition  is  not  a  true  epilepsy,  but  a  reflex 
epilepsy,  and  is  not  transmitted. 

Against  the  occurrence  of  an  inheritance  of  acquired  pathological  conditions  is  the 
simple  consideration  that  the  human  race,  which  is  exposed  to  so  many  injurious  influ- 
ences, and  whose  individual  members  suffer  so  frequently  from  disease  and  mutilations, 
would  very  soon  arrive  at  a  state  of  extreme  misery  and  stunted  growth  and  would 
eventually  perish  were  only  a  small  part  of  the  acquired  diseases  transmitted  to  the 
descendants.  Further,  the  origin  of  man  and  animal  forms  reproducing  through  ger- 
minal cells  is  in  itself  an  argument  against  the  possibility  of  the  transmission  of  qualities 
acquired  by  the  individual. 

The  act  of  fructification — that  is,  the  first  step  leading  to  the  production  of  a  new 
individual — is  accomplished  by  the  copulation  of  the  sexual  nuclei — that  is,  of  the 
nuclei  of  the  ovum  and  spermatozoon.  According  to  the  researches  of  the  last  decades, 
there  can  be  no  doubt  that  tlttse  nuclei  are  the  bearers  of  the  hereditary  characteriMia  </ 
the  parents,  and  that  the  individuality  of  the  copulating  nuclei  is  inherent  in  the  or- 
ganization of  the  same.  It  is  impossible  to  conceive  in  what  manner  processes  taking 
place  in  the  body  cells  can  produce  in  the  sexual  nuclei,  which  lie  within  special  cells 
in  the  sexual  glands,  such  alterations  of  organization  that  they  shall  contain  in  poten- 
tial form  the  acquired  characteristics  of  the  body  and  transmit  them,  after  copulation 
has  occurred,  to  the  descendants. 

Delage  was  able  to  fructify  non-nucleated  portions  of  the  eggs  of  echinoderms, 
annelides,  and  mollusks  with  spermatozoa  (merogony).  He  regards  the  union  of  the 
nucleus  of  the  spermatozoon  with  the  protoplasm  of  the  egg  as  the  essential  feature  of 
fructification.  This  is  not  applicable  to  the  ordinary  method  of  fructification,  but  only 
shows  that  in  exceptional  cases  the  entrance  of  the  spermatozoon  into  the  prot.oplasra 
of  the  egg  is  sufScient  for  the  setting-up  of  further  development,  and  that  the  nucleus 
of  the  spermatozoon  entering  into  the  egg  without  uniting  with  the  nucleus  of  the  lat- 
ter exercises  an  especial  influence  upon  the  protoplasm  of  the  egg, 

Darwin  in  his  time  represented  the  view  that  acquired  characteristics  could  be 
transmitted  to  the  descendants,  and  endeavored  to  make  such  phenomena  intelligible 
by  the  theory  that  molecules  from  all  the  cells  of  the  body  contribute  to  the  formatioD 
or  the  germ-cells,  and  that,  consequently,  alterations  of  the  organism  can  be  trans- 
mitted to  the  germ -cell.  Nevertheless,  there  occur  in  the  writings  of  Darwin  state- 
ments which  not  only  do  not  agree  with  this  opinion,  but  dii^tly  contradict  it. 

At  the  present  time  the  views  with  regard  to  the  inheritance  of  disease  grenerall? 
accepted  are  that  there  is  no  true  inheritance  of  infections  and  that  gross  structural  dis- 
turbances cannot  be  inherited.  The  only  possible  inheritance  of  conditions  acquired 
by  the  parents  is  that  of  conditions  acting  both  upon  the  somatic  tissues  and  germ-cells 
of  the  parents.  Chemical  and  physical  conditions  acting  within  the  body  or  Som  with- 
out may  cause  changes  in  the  constitution  of  somatic  and  germ-cells.  The  occurreoce 
of  such  changes  in  the  germ-cells  is  clearijr  shown  in  the  effects  upon  the  progeny  of 
paternal  or  maternal  alcoholism,  plumbism,  and  experimentally  with  abrm.    It  is  a 


INHERITANCE   OF   PATHOLOGICAL   CONDITIONS. 


57 


well-known  fact  that  in  the  case  of  the  birth  of  monsters  there  is  often  obtainable  a 
history  of  some  infection  in  one  of  the  parents  before  conception  took  place.  Bardeen's 
experiments  regarding  the  changes  in  embryos  arising  from  ova  fertilized  by  sper- 
matozoa that  had  been  injured  by  Roentgen  irradiation  are  very  suggestive. 

AtUimi  has  applied  the  side-chain  theory  in  explanation  of  heredity.  According 
to  this  view  there  may  be  also  a  true  inheritance  of  morbid  conditions  due  to  modifica- 
tions in  the  biophoric  molecules  through  the  interaction  of  their  side-chains. 

Recently  much  discussion  has  been  waged  over  the  principles  of  heredity  involved 
in  Mendd's  law,  QaUon's  law,  and  De  Vries'  tlieory  of  mutations  (see  literature). 
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Ziegler:  Kdnnen  erworbene  pathologische  EigenschAften    vererbt  werden  u.   wie 
entstehen  erbliche  Krankheiten  u.  Missbildungen?    Beitr.  v.  Zieffler,  i.,  1886;  Die 
neuesten  Arbeiten  ilber  Vererbungs-  u.  Abstammungslehre  u.  mre  Bedeutung  f. 
d.  Pathologie,  ib.,  iv.,  1888. 
See  also  §  15  and  §  17. 

§  17.  As  has  been  explained  in  §  17,  inherited  diseases  are  always  such  a» 
have  at  the  very  first  developed  from  intrinsic  causes,  that  is,  from  certain 
anlage  in  the  germ-cells  ;  or  at  least  are  diseases  in  which  the  predispmtm 
thereto  is  a  congenital  characteristic.  Conversely,  the  statement  may  be 
made  that  all  normal  or  pathological  qualities  in  the  gemi-cells  are  inheritatk. 

The  first  appearance  of  new  patholo£^ical  characteristics  wliich  art 
inlieritable  may  be  dependent  upon  the  fact  that  as  a  result  of  sexual 
procreation — i.e.,  of  the  union  of  two  sexual  nuclei,  one  of  which  is  the 
bearer  of  the  transmissible  qualities  of  the  father,  the  other  of  those  of 
the  mother — new  variations  are  constantly  arising,  so  that  the  child  is 
never  exactly  like  one  parent ;  but,  on  the  other  hand,  in  addition  to  the 
qualities  which  the  parents  offer,  it  possesses  also  new  qualities.  Even 
if  we  assume  that  the  sexual  nuclei  at  times  contain  in  potential  form 
exactly  the  same  characteristics  as  those  of  the  parents,  ihe  product  re- 
sulting from  the  copulation  of  these  nuclei  would  present  a  certain 
degree  of  variation.  In  such  a  case,  however,  the  differences  between 
the  children  of  such  parents  would  be  but  slight.  As  a  matter  of  fact, 
the  different  products  of  the  same  parents  may  show  an  infinite  variety, 
by  reason  of  the  fact  that  the  germ-cells  themselves  contain  further  a 
mixture  of  the  transmissible  characteristics  of  the  paternal  and  maternal 
ancestors,  and  that  this  mixture  is  never  the  same  in  the  individnal 
germ-cells. 

In  accordance  with  this  is  the  fact  that  the  children  of  a  certain  fam- 
ily always  present  important  differences  in  both  physical  and  mental 
qualities.  A  marked  resemblance  occurs  only  in  the  case  of  twins  aris- 
ing from  one  egg — ^i.6.,  when  the  process  of  development  of  both  chil- 
dren has  started  from  the  same  act  of  copulation. 

The  embryonal  variations  resulting  from  tlie  mixture  of  two  indi- 
vidually different  hereditary  tendencies  can  find  their  expression  in 
the  most  varied  qualities  of  the  body  and  mind  of  the  developing  child. 
If  these  do  not  deviate  in  a  marked  degree  from  the  characteristics  which 
the  different  members  of  the  family  show,  the  conditions  are  regarded  as 
normal  and  ordinarily  receive  no  especial  attention.  If,  on  the  con- 
trary, important  differences  of  character  are  produced,  the  occurrence 
attnvcts  greater  attention ;  and,  according  to  the  value  which  it  has  for 
the  individual  concerned,  is  regarded  at  one  time  as  something  favor- 
able, at  another  time  as  something  unfavorable,  something  pathological. 
When  small,  weak  parents  produce  children  who  develop  into  large  and 
strong  individuals,  or  when  the  intellectual  capacity  of  the  chOdren  sur- 
passes that  of  the  x>arents,  the  occurrence  is  regarded  as  favorable.  If. 
as  actually  happens,  a  genius  in  any  branch  of  human  knowledge  or  skill 
suddenly  apjiears  within  a  family,  without  any  evidence  of  an  especially 
marked  mental  development  in  the  ancestors,  the  phenomenon  wonld 
attract  general  attention  and  be  r^arded  as  a  fortunate  event.  But  if, 
on  the  other  hand,  strong  parents  beget  children  who  are  weak  or 
physically  defective,  or  if  they  show  a  mental  development  inferior  to 
that  of  their  parents,  or  if  they  show  a  complete  stunting  of  a  part  of 
their  mental  f  acuities^  the  neuiff  appearing  vanaHam  is  regarded  as  abnor- 
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If  we  consider  the  experiences  which  the  pathology  of  man  and  ani- 
mals furnishes,  the  assumption  seems  fully  warranted  that  of  the 
transmissible  patholo|rical  conditions  and  predispositions,  very  many, 
perhaps  the  majority,  are  referable  to  a  variation  of  the  germ  based 
upon  the  amphimixis.  For  example,  the  group  of  hei-editary  patho- 
loifical  conditions  and  predispositions  of  the  central  nervous  system, 
hereditary  myopia,  hsemophilia,  pigmentation  of  the  retina,  and  poly- 
dactylism  may  arise  in  this  manner.  If  such  abnormal  characteristics 
show  themselves  repeatedly  in  the  children  of  the  parents,  who  are  them- 
selves normal  and  have  healthy  ancestors,  it  may  be  assumed  that  the 
perm-cells  of  the  parents,  though  individually  normal,  have  through 
their  union  given  rise  to  a  pathological  variation.  This  hypothesis  be- 
comes substantiated  when  one  or  both  parents  produce  normal  offspring 
through  copulation  with  other  individuals. 

Brides  the  variations  which  are  the  result  c^  normal  sexual  repro- 
duction, it  is  very  probable  that  pathological  germ- variations  which  lead 
to  the  development  of  transmissible  pathological  qualities  may  also  arise 
through  the  action  of  injurious  influences  upon  the  sexual  nuclei  or  the 
segmentation  nucleus ;  or  else  that  the  process  of  copulation — that  is, 
the  union  of  the  sexual  nuclei — has  been  disturbed  in  some  manner. 
The  injurious  substance  may  be  a  body-product,  or  it  may  come  from 
without,  and  at  the  same  time  also  produce  its  harmful  effects  upon  the 
body.  Consequently,  in  these  cases  we  may  sx>eak  of  the  germinal  ac- 
quisition of  a  irammissible  pathological  characteristic  through  the  action  of 
an  extrinsic  injurious  influence.  This  does  not  mean,  however,  as  has  been 
accepted  by  many,  that  the  tissues  of  the  body,  under  the  influence  of 
extrinsic  harmful  influences,  first  suffer  changes  in  themselves,  and  then 
traasfer  these  changes  to  the  germ-cells.  It  is  to  be  believed,  rather, 
that  the  harmful  influence  acts  directly  upon  the  sexual  nuclei  or  the 
segmentation-nucleus,  producing  in  these  a  change  of  some  kindy  which 
later  leads  to  a  pathological  development  of  the  individual  developing 
from  the  impregnated  egg.  It  is  a  matter  of  no  importance,  so  far  as 
the  nature  of  the  resulting  pathological  variation  is  concerned,  whether 
the  somatic  tissues  also  suffer  changes,  or  of  what  nature  such  changes 
may  be. 

K  a  transmissible  pathological  characteristic  arises,  it  may,  in  case  it 
does  not  affect  life  or  prevent  reproduction,  actually  be  transmitted,  al- 
though this  does  not  necessarily  follow.  The  chances  that  a  particular 
characteristic  will  be  transmitted  are  greatest  when  both  parents  possess 
the  same  quality,  as,  for  example,  when  both  parents  are  affected  with 
hereditary  deaf-mutism  or  with  near-sightedness.  If  the  characteristic 
is  wanting  in  one  parent,  there  is  produced  most  frequently  a  new  germ- 
variation,  in  which  the  pathological  characteristic  fails  entirely  to  mani- 
fest itself,  and  in  the  following  generations  may  completely  disappear. 
If  several  descendants  are  begott/cn,  the  pathological  characteristic,  in 
case  it  is  not  wholly  lost,  may  show  itself  in  only  a  few  of  the  descend- 
ants, and  in  these  in  either  a  modified  or  in  an  aggravated  form.  Not 
rarely  it  happens  that  the  characteristic  remains  latent  in  one  generation 
—that  is,  is  confined  to  the  sexual  cells,  and  appears  again  in  the  second 
generation. 

There  seems  to  me  to  be  no  doubt  that,  through  the  copulation  of  two  sexual 
nuclei  possessing  different  hereditary  tendencies,  variations  may  be  produced,  and  that 
amoog  these  there  may  be  some  which  are  to  be  regarded  as  pathological.  It  is  more 
difficult  to  answer  the  question  whether,  besides  these,  there  are  not  also  transmissible 
variations  of  a  pathological  nature,  which  arise  through  influences  which  affect  the 
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Duclei  of  the  ova  or  of  the  spcrmAtogonia,  the  spermatocytes  or  spermatosomes,  or  the 
segmeotation-Ducleus;  and  further,  if  we  accept  the  existence  of  such  TariatioDS,  with 
what  frequency  do  they  occur.  Weismann  holds  the  opinion  that  the  basis  of  traDsmiS' 
sible  variations  is  to  be  found,  not  in  the  amphimixis,  but  rather  in  the  direct  action  of  ex- 
ternal influences  upon  the  sexual  nuclei.  Starting  from  the  assumption  that  the  variable 
cells  or  cell-groups  derived  from  the  germ  (by  liira  designated  as  hereditary  pieces  or 
determinates)  are  represented  in  the  germ-plasma  by  special  particles,  which  are  formed 
by  the  grouping  together  of  a  number  of  Ufe-tropfufblasts  or  biapfwres  (molecular  groups 
which  represent  the  smallest  units  of  life),  and  which  he  calls  determinants  or  determine 
ing  pieces,  he  believes  that  be  is  warranted  in  ascribing  the  transmissible  variation 
primarily  to  the  changes  produced  by  external  influences  in  the  determinants  or  group 
of  determinants  contained  within  the  nuclear  chromatin,  so  that  Anally  the  hereditary 
pieces  or  determinates  derived  from  them  also  sulTer  changes.  He  believes  that  such 
an  influence  might  be  exerted  by  excessive  nourisliment  of  a  determinant,  causing  it  to 
grow  more  rapidly.  For  example,  he  regards  it  as  possible  tliat  many  congenital  mal- 
formations (for  example,  an  increase  in  the  number  of  fingers  and  toes)  can  be  refemd 
to  a  reduplication  of  the  determinant- groups  caused  bv  increased  supply  of  nourish- 
ment. According  to  Weismann,  the  amphimixis  has  only  a  secondary  influence  in  the 
origin  of  a  permanent  variation,  in  that  it  mixes  in  constantly  new  manner  the  varia- 
tions dependent  upon  the  changes  in  the  determinants,  but  does  not  in  itself  produce 
new  vanations.  **  The  deviations  which  the  determinants  suffer  through  unequal  con- 
ditions of  nutrition  constitute  the  material  out  of  which,  through  amphimixis  in  con- 
nection with  selection,  the  visible  individual  variations  are  produced,  through  whose 
increase  and  combination  new  forms  arise." 

^  I  agree  with  Weismann  in  so  far  as  the  assumption  that  the  appearance  of  a  new 
variation  of  pathological  nature  is  in  part  to  be  referred  to  changes  in  the  determinants 
contained  within  the  sexual  nuclei,  due  to  the  direct  action  of  extrinsic  influences.  I 
do  not,  however,  believe  that  there  is  sufiicient  ground  for  attributing,  as  does  Weis- 
mann, the  formation  of  new  separate  parts  to  an  over-nourishment  of  single  groups  of 
determinants.  Such  a  dependence  of  the  germ-plasma  upon  the  surrounding  nutritive 
material  seems  to  me  scarcely  conceivable,  and  is  opposed  to  all  views  hitherto  held  re- 
garding the  nutrition  of  cells.  Not  only  quantitative  but  much  rather  qualitative 
changes  of  the  food-material  would  appear  to  be  necessary  in  order  to  produce  changes 
in  the  organization  of  the  determinants.  Further,  I  hold  that  the  amphimixis  has  no: 
onlv  a  secondary  but  much  more  a  primary  significance  with  regard  to  the  origin  of 
pathological  variations,  in  the  sense  that  it  itself  is  able  to  pit^uce  new  variations. 
Finally,  it  seems  to  me  that  we  cannot  at  the  present  wholly  set  aside  the  hypothesis 
of  NUgeli,  according  to  which  the  idioplasm  is  capable  of  altering  its  own  eonditioD, 
from  within  outward,  in  certain  fixed  directions  and  according  to  certain  fixed  laws» 
and  thus  may  produce  new  characteristics. 
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§  18.  Besides  the  inheritable  pathological  conditions  mentioned  above, 
there  appears  to  be  a  hereditary  transmission  in  the  case  of  the  infec- 
tious diseases ;  but  this  is  in  reality  not  a  true  form  of  inheritance,  and 
is  more  properly  designated  as  postconceptional  intra-uterine  infection. 

If  pathogenic  micro-organisms  enter  into  the  blood-stream  of  a  preg- 
nant woman  they  may  be  carried  into  the  vessels  of  the  maternal  placenta, 
and  finally  may  pass  through  the  f  cetal  placenta  into  the  body  of  the 
foetus.  Such  a  transmission  has  been  positively  demonstrated  in  many 
infections  (staphylococcus,  streptococcus,  pneumococcus,  typhoid  fever, 
tuberculosis,  anthrax,  smallpox,  syphilis,  and  others)  through  the  pres- 
ence of  the  micro-organisms  or  of  characteristic  changes  in  the  tissues  of 
the  foetal  organism.  In  many  cases,  for  example,  in  tuberculosis  and 
anthrax,  the  path  which  they  have  taken  may  be  demonstrated  since  the 
placenta  also  shows  characteristic  pathological  changes. 

Up  to  very  recently  it  has  been  assumed  that  besides  a  placental 
transmission  there  might  occur  also  a  germinal  transmission,  that  is, 
an  infection  of  the  sexual  cells  before  or  during  the  fructification. 
Further,  it  has  also  been  taken  for  granted,  fhat,  through  infection  of 
the  fructifying  spermatosome,  an  infection  of  the  ovum  without  that  of 
the  maternal  or^ranism  may  occur,  and  such  a  mode  of  infection  has  been 
regarded  as  established,  particularly  in  syphilis.    Up  to  the  present  time 
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however,  this  mode  of  transmission  has  not  been  proved  by  nnqnestioned 
observations  to  occur  in  man  and  the  mammals,  and  itB  occorrence  even 
in  syphilis  has  also  been  thrown  into  doubt  (Matzenauer).  According 
to  our  present  knowledge  we  may  say  definitely  that  the  transmission  of 
infections  through  the  placenta  to  the  foetus  in  utero  has  been  positively 
demonstrated  and  occurs  in  different  infectious  diseases.  Infections  of 
the  ovum  or  of  the  sperm  before  or  during  fructification  are  indeed  possi- 
ble, but  it  has  not  yet  been  positively  demonstrated  in  the  case  of  man 
and  the  other  mammals  that  a  further  development  into  a  viable  foetus  is 
possible  in  the  case  of  an  ovum  in  which  the  agents  of  infection  have 
produced  characteristic  changes.  This  is  true  not  only  in  the  case  of 
acute  infections,  but  also  in  such  chronic  ones  as  tuberculosis  and  syphilis. 

According  to  the  views  of  Matzenauer,  in  no  case  of  liereditary  syphilis  can  mater- 
nal transmission  be  excluded ;  and  tbere  are  no  clinical  observations  tbat  speak  for  a 
pure  paternal  spermatic  infection  of  syphilis.  The  fact  tbat  the  mothers  of  children 
showing  hereditary  lues  are  immune  toward  syphilis  (Colics'  law)  cannot  be  explained 
by  the  hypothesis  that  the  mother  has  received  syphilis  toxins  from  the  child  syphil- 
ized  from  the  father  and  in  consequence  has  produced  antitoxins  {Finger),  but  can  be 
explained  only  on  the  ground  that  she  herself  was  infected  with  syphilis.  That  the 
mother  often  shows  no  syphilitic  changes  cannot  be  taken  as  an  argument  against  the 
latter  view,  since  syphilis  may  often  be  present  with  complete  absence  of  symptoms. 
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CHAPTER  11. 


The  Spread  and  Generalization  of  Disease  tlirough- 
out  the  Organism.  Autointoxications  and  Sec- 
ondary Diseases. 

I.  General  Considerations  Concerning:  tlie  Spread  and  Generalization 

of  Pathological  Processes  in  the  Organism. 

§  19.  If  through  the  action  of  any  injurious  agent  a  local  tissue- 
cbange  is  produced,  there  occurs  first  a  primary  local  disease  or  organ- 
disease,  which  is  accompanied  by  a  disturbance  of  function  of  the 
affected  part.  If  the  injurious  agent  passes  into  the  body-juices  and 
into  the  blood  without  causing  noticeable  changes  at  the  point  of  en- 
trance, while  within  the  body  it  gives  rise  to  local  changes,  the  result- 
ing condition  may  be  designated  as  a  solitary  or  multiple  lymphogenous 
or  hcematogenous  local  disease  or  organ-disease. 

Local  diseases  may  during  their  entire  course  remain  confined  to  the 
organ  originally  affected,  yet  very  frequently  they  lead  to  further  sec- 
ondary dUeases  of  organs  or  to  a  general  disease. 

The  first  method  by  which  disease  processes  «prea(i  throughout  the  body 
is  through  metastasis,  by  means  of  which  there  are  very  frequently  formed, 
not  only  solitary,  but  innumerable  foci  of  disease  throughout  the  body. 
Xot  infrequently  there  may  occur  such  a  generalization  of  disease  by  way 
of  the  blood  and  lymph-channels  (tuberculosis,  suppurations,  and  car- 
cinomatous growths)  tliat  the  majority  of  the  organs  will  be  found  to 
contain  metastases  and  show  correspondingly  more  or  less  easily  recog- 
nized functional  disturbances. 

A  second  method  of  the  spread  of  disease  occurs  in  those  diseases  in 
which  in  the  primary  foci  there  are  formed  toxic  products  which,  taken 
up  into  the  lymph  and  blood,  produce  such  changes  in  different  organs 
that  they  must  be  regarded  as  intoxications  by  poisonous  substances  arising 
from  diseased  foci.  This  intoxication  is,  as  shown  in  §  12,  of  very  com- 
mon occurrence  in  the  infectious  diseases,  and  leads  not  only  to  secondary 
degenerations  of  organs,  but  much  more  to  the  picture  of  a  more  or  less 
severe  general  disease,  as  shown  by  general  disturbances  of  metabolism, 
fever,  and  disturbances  of  the  central  nervous  system. 

A  third  form  of  the  spread  of  disease -processes  throughout  the  body 
becomes  possible  by  reason  of  the  fact  that  the  integrity  and  normal 
functional  capacity  of  many  organs  are  to  a  great  measure  dependent 
upon  the  function  of  other  organs;  and,  further,  upon  the  fact  that  the 
organism  needs,  for  the  preservation  of  its  normal  condition,  the  perfect 
functional  working  of  its  organs,  and  in  the  case  of  many  organs  cannot 
permanently  dispense  with  their  functions.  There  is,  therefore,  a  large 
group  of  local  and  general  diseases  ichich  arise  as  the  resuU  of  the  imperfect 
functional  actiHty  of  this  or  that  organ, 
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A.  fourth  mode  of  origin  of  secondary  diseases  is  throngh  autointoxica- 
Hon — that  Ls,  throngh  a  poisoning  of  the  organiam  by  subsiances  which  arm 
in  the  body  itself  through  Us  own  activity  (metabolic  poisons).  The  place  of 
origin  of  these  snbstances  is  in  part  the  intestinal  tract  (ejiterogenom 
poisons),  and  partly  the  tissues  (histogenous  poisons).  The  caose  of  the 
poisonous  action  of  these  products  of  metabolism  lies  i>artly  in  the  fact 
that  they  are  produced  in  an  increased  amount  or  are  retained  within  the 
body  as  a  result  of  disease  of  certain  glands ;  partly  also  that  they  are 
not  transformed  to  non-poisonous  bodies,  as  is  the  case  under  normal 
conditions.  In  conditions  of  disturbed  metabolism  poisons  foreign  to 
the  normal  body  may  be  produced. 

A  Jifth  method  by  which  the  animal  or  human  organism  may  be  io jured 
is  the  production  of  symptoms  of  disease  through  the  impairment  and  logs 
of  function  of  those  gUmds  producing  an  internal  secretion  which  is  of  impor- 
tance to  the  organism.  In  this  category  belong  especially  the  thyroid, 
hypophysis,  pancreas,  adrenals,  liver,  and  sexual  glands.  Since  in  the 
disease  of  the  glands  just  named  intoxication  plays  also  an  important 
role,  this  group  of  processes  is  closely  connected  with  that  of  the  fourth 
mode  of  generalization  of  disease. 

II.  iletastasis  and  EmlMllsni  and  Their  SIsrniflcance  in  the  Etiolog:y 
of  Lymphosenous  and  Hsmatogenous  Diseases. 

I  20.  The  transportation,  through  the  blood  or  lymph-stream^  of  a  disease- 
producing  agent,  and  the  production  of  disease  at  the  point  of  deposit  of  such 
agent,  is  termed  metastasis.  This  is  one  of  the  most  common  modes  of 
the  spread  of  disease  throughout  the  body.  Ordinarily  the  term  metas- 
tasis is  applied  particularly  to  those  cases  in  which  the  transportation  of 
a  given  substance  is  f c^lowed  by  easily  recognizable  clinical  and  anatom- 
ical manifestations  of  disease,  especially  those  of  inflammation  or  tumor- 
formation,  so  that  we  are  accustomed  to  sx)eak  of  metastatic  inflammations 
and  metastatic  tumors.  There  is,  however,  no  good  reason  for  not  includ- 
ing also  under  metastasis  those  cases  of  transportation  of  corpuscular 
elements  through  the  lymph  or  blood  stream  in  which  the  changes  pro- 
duced by  the  transportation  are  less  striking,  and  are  recognizable  only 
through  a  more  careful  anatomical  or  microscopical  investigation. 

The  term  metastasis  indicates  further  that  the  substance  deposited  has 
arisen  from  some  other  known  place  within  the  body.  If  the  source  of 
the  transported  material  is  not  known,  or  at  least  cannot  be  definitely 
located,  we  are  accustomed  to  speak  of  lymphosenons  and  hsmatog- 
enoos  deposits  and  diseases.  The  same  designation  is  also  applied  to 
deposits  of  known  origin. 

The  significance  of  metastasis  is  in  all  cases  dependent  upon  the 
properties  of  tlie  transported  iMidy.  Insoluble  bland  foreign  bodies  of 
small  size  may  have  little  effect  upon  the  tissue;  soluble  and  chemically 
active  substances  may,  on  the  other  hand,  produce  important  tissue 
changes.  Bacteria  capable  of  reproduction  may  give  rise  to  a  disea^ 
which  corresponds  in  general  to  that  produced  at  the  primary  focus  of 
infection.  Tumor-cells  capable  of  growth  may  develop  into  a  secondary 
tumor.  The  siase  of  the  transported  body  is  of  essential  importance  in 
hsematogenous  metastasis,  in  that  small  bodies  may  pass  all  the  blood- 
vessels, even  the  capillaries,  while  larger  ones  will  be  carried  ouly 
throngh  those  vessels  whose  lumen  is  sufficiently  large  to  admit  them. 
When  the  latter  have  by  any  means  obtained  entrance  to  the  arteries  of 
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Ibe  greater  or  lesser  circulation  aud  are  carried  along  by  the  blood- 
slreain,  they  will  become  lodged  at  those  divisions  of  the  vessels  where 
the  vessel-lumen  is  too  small  to  admit  them,  and  will  thereby  more  or 
Jt'ss  completely  obstruct  the  vessel.  This  occnrrence  is  designated  by  the 
sjiecial  tenu  embolism;  the  body  blocking  the  vessel  is  called  an  em- 
bolus or  a  vessel-plug  (Fig.  2,  b,  c).  The  effect  of  embolism  is  in  gen- 
eral the  more  or  less  comjiletc  obstruction  of  the  vessel,  partly  through 
thf  embolus  itself,   partly  through  an  associated    coagulation    of   the 

bliiod.     As  a  result  of  such  obstruction  there  is  an  iulerfereuce  with  the  Wf 

circulation,  which  may  vary  greatly  in  different  cases,  in  that  behind  the  'A'. 

[tuiut  of  obstruction  there  may  be  established  either  a  complete  or  partial  KVU 

t'ompeusatory  circulation,  or  in  other 

cases  such  a  compensation  may  be  en-  ,_. 

tin-ly  wanting.     When  the  compeusa-  f% 

tioii    is  iucomplete  or  wholly  absent,  B^E 

Ibe  area  of  tissue  supplied  by  the  ob- 
structed vessel  undergoes  degeneration 
or  dies. 

Both  lymphogenous  aud   ha^mato- 
geuous  metastasis  usually  occur  in  the 
direction  of  the  normal  current,   but 
under  special  conditions  a  transporta- 
tion in  the  opposite  direction  may  take     fio.  b.-muiupib  emb-.n  m  ue  b™nciit«  of 
place-retrograde  metastasis.     Such  !{S.f"Jr!rn3^^^?'^SS.St 
a  change  of  current  in  the  lymph- vessels  c  emtwiua  wim  wcondur  uiromiKau. 
occurs    when    the    normal   escape    of 

lymph  from  the  region  involved  is  liindered  through  stoppage  of  the 
lymphatics,  and  the  lymph  is  forced  to  seek  other  outlets.  A  similar 
condition  may  occur  iu  circumscribed  areas  of  the  peripheral  blood- 
\ei<sels.  In  this  way  clots  arising  in  the  right  heart  or  iu  the  large 
Tfins  of  the  liody  may  be  transported  into  the  peripheral  veins;  par- 
ticularly under  conditions  in  which  there  occur  backward  waves  of 
Mood  which  gradually  force  the  clots  back  into  the  smaller  veins. 
According  to  the  experimental  investigations  of  Arnold  upon  dogs, 
foreign  t>odies  (wheaten  grits),  which  were  too  lai^e  to  pass  the  capil- 
laries, when  introduced  into  the  jugular  or  crural  veins,  as  well  as  into 
the  longitudinal  sinus  of  the  dura  mater,  were  carried  by  retrograde 
uieta-stasis  not  only  into  the  main  trunks,  but  also  Into  the  smallest 
liranches  of  the  veins  of  the  liver,  kidneys,  heart,  extremities,  dura 
mater,  pia  mater,  and  orbit,  as  well  aa  into  the  posterior  bronchial  veins. 

In  the  case  of  a  defect  in  the  septum  of  the  heart,  bodies  circulating 
ill  the  blood  may  pass  directly  from  one  side  of  the  heart  to  the  other, 
aud  thereby  give  rise  to  a  crossed  or  paradoxical  embolism. 

g  :>1.  The  substances  which  may  be  transported  In  the  process  of 
metastasis  may  be  conieniently  di\ided  into  six  groups,  this  classifica- 
tion being  based  partly  upon  the  origin,  partly  upon  the  character  of  the 
transported  body,  and  partly  upon  the  effects  of  the  metastasis. 

In  the  first  group  are  placed  insoluble  lifeless  substances  composed  of 
very  small  particles,  which  enter  the  body  from  without,  and  which  may 
Ir'  designated  collectively  as  dust.  The  majority  of  these  snbstances 
ciiter  the  body  in  the  respired  air,  and  pass  from  the  lungs  into  other  tis- 
sues. A  smaJler  part  may  enter  the  tissues  directly  through  accidental 
or  intentional  wounds  (tattoo).  Most  freqnently  these  snbstances  are 
particles  of  soot,  coal- and  stone-dust,  more  rarely  metal,  porcelain,  to- 
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bacco,  hair  or  other  kinds  of  dust.  Id  tattooing  of  the  skiu,  lampblack, 
iadia-int,  oltramariDe,  oinnatiar,  and  other  granular  pigments  are  used. 
The  behavior  of  the  tissues  of  the  body  toward  snch  snbstancvs  Till 
be  treated  of  elsewhere ;  it  is  ouly  necessary  to  meotion  here  that  tbe^ 
forms  of  dust,  sometimes  in  a  free  state,  sometimes  enclosed  within  cells. 
are  deposited  first  in  the  tissues  nearest  the  point  of  entrance,  farther  iu 
the  lymph-vessela  and  lymphatic  glands.  In  the  latter  locatioD  they 
may  remain  for  a  life-time;  bat  in  cases  of  excessiTe  deposit  they  may 
be  carried  beyond  the  lymph-glands,  especially  in  those  instancet'  in 
which  the  glands,  because  of  the  great  deposit,  undergo  softeuiuf:  and 
give  rise  to  inflammation  and  proliferation  of  the  tissues  in  their  Deigb- 
borhood.  Very  often  as  a  result  of  snch  changes  the  affected  glands  \k- 
come  confluent  with  and  break  into  Deighboring  veins.  This  event  is  e?^- 
pecially  likely  to  liappen  at  the  liilnm  of  the  lungs,  whereby  the  couteots 
of  the  gland  ultimately,  sometimes  slowly,  at  other  times  more  rapidly, 
gain  entrance  to  the  vessel-lnmen  and  are  carried  away  by  the  blood- 
stream. In  the  case  of  the  longs,  dust  may  be  deposited  directly  in  tbf 
vessel-walls  and  gradually  penetrate  as  far  as  the  intima.  Further,  tbe 
particles  from  a  broken-down  lymph-gland  can  again  enter  the  lymph 
stream,  and,  if  not  again  arrested  by  some  lymphatic  gland,  may  reacb 
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the  blood-stream.     It  is  also  conceivable  that  softened  lymph-glands  may 
break  directly  into  the  thoracic  duct. 

As  numerous  experiments  have  shown,  the  dust  gaining  entrance  t«a 
blood-vessel  remains  but  a  very  short  time  in  the  circulation.  Lsige 
aniouutaartifioially  introduced  into  a  vein  disappear  in  a  few  hours  from 
tho  circulating  blood.  The  greater  part  collects  in  the  capillaries  of  tbe 
liver,  spleen,  and  bone-marrow,  partly  free  and  partly  within  leucoeytei, 
in  the  former  case  adhering  to  the  surface  of  the  endothelium.  After  a 
Mliurt  tlmo  tho  lt<ucooyt«>s  containing  (he  dnst  particles  wander  out  from 
1li«  vBHselH,  BO  that  tho  dust  collects  more  and  more  in  the  tissues,  wbcw 
11  iH  Iwld  for  a  long  time,  partly  in  wandering-cells,  partly  in  fixed  celK 
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and  partly  free,  and  uuder  certaiu  couditioiis  may  remaio  liera  during 
llie  lifetime  of  the  individaal.  In  the  mean  time  a  part  m  carried  Id  the 
lymphatics  to  other  regions  and  there  deposited,  particularly  in  the  por- 
fiil  and  cceliac  lymph-glands.  According  to  the  researches  of  Kunkel  and 
Siel>el,  still  other  cells  containing  dust- part icIeJ4  may  reach  the  surface  of 
the  body -cavities,  either  through  the  capillaries  of  the  lungs,  the  paren- 
chyma of  the  tonsils,  and  probably  also  from  the  lymphoid  tissue  of  the 
intestines,  and  in  this  way  be  discharged  externally.  From  the  liver  the 
dnst-particles  may  be  passed  out  in  the  bile.  According  to  observations 
which  may  be  not  infrequently  made  on  inflamed  organs,  wandering 
lencocyt«6  are  able  to  take  up  a  great  number  of  the  particles  lying  in 
the  tissaes  and  transport  them  from  the  lungs,  intestinal  tract,  and  other 
organs  to  the  surface,  and  in  this  way  clear  the  tissues. 

The  second  group  is  composed  of  portions  of  the  body  itself,  which 
occasionally   may    be  transported    through    the    blood-stream;  namely, 
tissue-detritus,   parenchymatous    cells,  and  dead,   coagulated,  and 
broken-up  constituents  of  the  blcKMl.     Of  the  elements  arising  from  the 
dastruetion  of  tissue,  fat^ropiets  (Fig.  3,  a,  b,  and  Fig.  4,  a,  b)  most 
often  find  their  way  into  the   circulation;   particularly  when  through 
trauma  or  some  other  pathological  process,  as,  for  example,  hemorrhage, 
the  tissues  are  destroyed.     This  occurs  most  frequently  in  cases  of  crush- 
ing, destruction,  and  violent  agitation  of  fat-tissue,  as  may  happen  in 
the  case  of  the  different  panniculi  adiposi  and  the  bone-marrow ;  but  fat 
may  also  enter  the  circulating  blood  through  destruction  of  liver-tissue. 
The  parenchymatous  cells  most  frequently  entering  the  circulation  are 
livercefla,    syncytial  placenta-cells,  portiatui  of  diorumic   viUt,   and   htme- 
marrow  ceSs.     Ordinarily  these  are 
carried  into  the  pulmonary  arteries 
aud  capillaries,  but  through  retro- 
grade    metastasis    they    may    be 
carried  into  the  veins,  and  through 
paradoxical  embolism  into  the  ar- 
teries and  capillaries  of  the  system- 
ic circulation.     Embolism  of  liver- 
ceils  and  bone-marrow  giant-cells  is 
mused  by  traumatic  and  toxic  in- 
juries   and    haemorrhages  of    the 
affected    tissues.      Placental  -  cell 
craboli,   in  the  form   of  syncytial        ,„,„..     ^„      ..^  ^^      .„      ,   ^ 

'      ,,         ,  ,  \_  3  Fro.  *.— F»t*oiboU»rn  of  IhetldiieT  IFletntotnB'i 

;Oant  -  cells,  have  been  Otjserved  aamuan.  Bfranm).  a,  Glomeruli  with  tu  lolbe 
.specially  in  puerperal  eclampsia,  2g<i|»rt^i  ^'«^«*|«'-l''"'«""mul«l.^<»p'l■ 
llut   occur   also  in  the  conrse  of 

normal  pr^nancies.  Pulmonary  emboli  of  small  portions  of  the  chori- 
onic villi  have  also  been  observed.  In  diseased  conditionB  of  the  intiiua  of 
the  heart  or  blood-vessels,  degenerated  endothelium,  broken-down  and  degen- 
erated masses  of  connective  tissue  of  the  intim^,  portions  of  the  valves,  and 
material  of  similar  nature  may  gain  entrance  to  the  blood-stream.  Frag- 
ments and  dimntegraied  portions  of  blood-corpuscles  may  enter  the  circula- 
tion from  hfemorrhagic  foci  or  may  arise  within  the  vessels  themselves, 
ill  the  case  of  degenerative  changes  produced  in  the  blood  through  the 
indnence  of  various  harmful  agents.  Coagulated  masses  of  blood  enter 
the  circulation  when  a  thrombus — i.e.,  blood  coagulated  in  the  vessels 
(see  Chapter  IV.) — breaks  loose,  either  in  toto  or  in  fr^^ents. 

The  fate  of  the  last-named  substances  is  for  the  chief  part  dependent 
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upon  their  size  aud  physical  properties.  All  fragments  of  mueh  greater 
diameter  than  the  lumen  of  the  capillaries  become  lodged  in  the  bifnm- 
tions  of  the  arteries  (Fig.  2,  a^  b)  and  ajsnally  oeelode  the  same.  This 
occurs  most  frequently  in  the  case  of  didodged  thrombi  or  of  fragments 
of  such ;  on  the  other  hand,  fat-droplets  usually  pass  into  the  capillarie^ 
where  part  remain,  while  others  pass  through  and  later  become  lodged  in 
some  other  phice.  Since  the  fat  occasionally  passes  first  into  the  veins 
of  the  body  aud  thence  to  the  heart,  the  fat -droplets  collect  especially 
iu  tbe  capillaries  of  the  lungs  (Fig.  3,  b) ;  but  they  may  also  pass  tlirougii 
the  luugs  into  the  capillaries  of  the  greater  circulation,  and  are  then 
found  esjmcially  iu  the  intertubular  and  glomerular  capillaries  of  the 
kidneys  (Fig.  4,  «,  b),  aud  also  to  some  extent  iu  the  capillaries  of  other 
organs.  Capillary  fat>eml>olism  causes  a  uoticeable  disturbance  of  the 
circulation  only  when  of  extensive  occurrence;  in  this  case  it  may  lead 
to  the  production  of  oKlema  of  the  luug&  Furthermore,  the  fat  disap- 
I^ears  in  the  progress  of  metabolism,  or  is  conveyed  into  the  neighboring 
tissues. 

Parenchymatous  cells  (in  so  far  as  the  entrance  into  the  circulation 
of  small  living  cells  of  the  character  of  lymphocytes  aud  myrfocytes  is 
not  concerned)  become  lodged  in  the  capillaries  or  smaller  arteries  in 
the  case  of  aiterial  metastasis.  The  latter  is  especially  true  of  liver-cells 
when  entering  the  circulation  en  masse.  At  the  place  of  lodgment  their 
presence  may  lead  to  a  heaping-up  of  blood-plates  and  a  hyaline  coagula- 
tion. The  cells  themselves  do  not  multiply,  but  they  may  remain  piv- 
served  for  a  certain  length  of  time,  according  to  Lubarsch,  as  long  a.s 
three  weeks.  They  then  gradually  die,  the  protoplasm  dissolves,  the 
nuclei  swell  or  shrink,  and  finally  lose  their  chromatin. 

Tlie  point  of  lodgment  of  loosened  thrombi  or  fragments  of  thrombi 
depends  upon  the  path  which  they  take,  as  well  as  upon  their  size. 
Since  thrombi  may  be  formed  in  the  systemic  veins,  right  heart,  and 
pulmonary  arteries,  as  well  as  in  the  pulmonary  veins,  left  heart,  and 
systemic  arteries  (see  Chapter  IV.),  it  is  possible  for  embolism  to  occur 
in  any  of  the  arteries  of  the  greater  or  lesser  circulation.  Very  often 
the  emboli  lodge  at  the  bifurcation  of  arteries,  forming  the  so-ca!le<l 
riding  or  straddling  emboli  (Fig.  2,  c).  Through  retrograde  metastasis 
emboli  may  be  carried  from  the  venae  cavfe  or  larger  veins  into  the 
smaller  veins.  Defects  iu  the  septum  of  the  heart  may  lead  to  the  pro- 
duction of  a  paradoxical  embolism. 

Small  fragments  of  thrombi,  dead  red  blood-cells  or  fragments  of 
such,  endothelial  cells  undergoing  disintegration  or  fatty  degeneration, 
etc.,  meet  the  same  fate  as  dust-particles.  They  may  remain  free  or  be 
taken  up  by  cells ;  they  are  soon  removed  from  the  circulation  aud  col- 
lect especially  in  the  spleen,  liver,  and  bone-marrow,  where  they  un- 
dergo further  changes  and  are  destroyed.  The  products  resulting  from 
the  destruction  of  red  blood-cells  may  persist  for  a  long  time  in  the  or- 
gans named,  as  colored  deposits. 

The  third  group  of  substances  producing  metastases  is  composed  of 
living  cells,  which,  originating  from  proliferating  tissue-foci  and  luiv- 
ing  gained  entrance  to  the  circulation  through  direct  rupture  into  the 
blood-vessels,  or  having  entered  the  lymphatics,  are  carrried  to  other  or- 
gans. This  pi-ocess  may  be  observed  in  the  case  of  tumors  growing  by 
infiltration.  The  metastasis  of  living  cells  from  such  a  tumor  leads 
through  the  proliferation  of  the  transported  tumor-cells  to  the  produc- 
tion of  metastatic  daughter-tumors,  which  in  the  case  of  lymphogenom 
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metastasis  develop  first  in  the  lymph- vessels  and  lymph-glands,  but  in  i! 

the  case  of  direct  rupture  int  the  blood-vessels  arise  in  that  part  of  the  i; 

vascular  system  to  which  the  tumor-cells  are  carried  by  the  blood.     The  J 

metastasis  usually  occurs  in  the  normal  direction  of  the  blood-  and  lymph-  fj 

streams,  but  retrograde  transportation  may  also  occur,  whereby  a  tumor 
which  has  broken  into  one  of  the  systemic  veins  may  give  rise  to  metas- 
tases in  the  region  drained  by  smaller  bniucheis  of  other  systemic  veins. 
Retrograde  metastasis  is  not  infrequently  observed  in  the  lymphatic  sys- 
tem, when  closure  of  the  efferent  lymph-channels  has  produced  a  change 
in  the  direction  of  the  lymph-current. 

In  the  fourth  group  may  be  placed  all  those  processes  characterized 
by  the  entrance  of  vegetable  or  animal  parasites  into  the  circulation. 
11  under  such  circumstances  these  organisms  do  not  find  conditions  suit- 
able for  their  development,  they  are  quickly  eliminated  from  the  blood- 
stream and  destroyed  under  the  influence  of  metabolic  processes.  But 
if  they  are  able  to  reproduce  themselves  anywhere,  they  will  give  rise  to 
the  production  of  metastatic  foci  of  infection,  which  are  located  partly 
in  the  vascular  system,  but  also  partly  extending  thence  into  the  neigh- 
boring tissues.  The  secondaiy  foci  in  the  case  of  bacterial  invasion 
have  in  general  the  same  character  as  that  of  the  primary.  If  an  em- 
bolus contains  organisms  capable  of  producing  tissue-necrosis,  inflam- 
mation, and  putrid  decomposition,  there  will  occur,  along  with  the 
embolism  and  the  accompanying  disturbances  of  circulation,  suppuration 
aud  sloughing — that  is,  there  will  be  a  repetition  of  the  same  processes 
occurring  at  the  original  seat  of  infection. 

As  the  fifth  group  of  metastatic  processes  may  be  classed  together 
those  cases  in  which  constituents  of  the  human  body  having  under- 
gone solution  are  transported  in  the  soluble  state  and  again  deposited 
in  a  solid  form  ;  and  also  thase  in  which  extrinsic  substances  are 
taken  up  by  the  body  in  a  soluble  form  and  are  then  deposited  in  the 
tissues  in  a  solid  state.  Of  the  firet  class  there  occurs  most  frequently 
the  entrance  of  bile-pigment  into  the  circulation  within  the  liver,  so  that 
this  may  permeate  through  the  most  varied  tissues,  and  give  to  them  a 
yellowish  color  (icterus).  Not  infrequently  iron-containing  derivatives 
ansingfrom  the  destruction  of  red  blood- cells  in  the  circulation  are  carried  to 
the  spleen,  bone-marrow,  liver,  and  kidneys  and  form  there  pathological 
<leposits  of  iron  (hsematogenous  siderosis).  Fat  can  be  split  off  frooi  the 
fat  dep5ts  in  the  form  of  soluble  soaps  and  carried  through  the  blood  to 
(lifl'erent  organs  where  it  is  again  taken  up  by  the  cells  and  changed  into 
neutral  fat. 

When  preparations  of  silver  are,  for  medicinal  purposes,  introduced 
into  the  body  through  the  gastro-intestinal  tract  for  long  periods  of  time, 
there  may  occur  a  deposit  of  fine  granules  of  silver  in  the  connective  tis- 
sue of  the  skin,  in  the  glomeruli,  medullary  pyramids  of  the  kidneys, 
intima  of  the  large  arteries,  adventitia  of  the  small  arteries,  in  the  neigh- 
Iwrhood  of  mucous  glands,  connective  tissue  of  the  intestinal  villi,  in  the 
choroid  plexus  of  the  cerebral  ventricles,  and  in  the  serous  membranes. 
Tissues  showing  such  a  deposit  have  a  grayish-brown  color. 

The  fact  thia,t  the  epithelial  tissues  and  the  brain  are  not  affected 
shows  that  there  is  a  selective  action  on  the  part  of  the  tissues,  and  that 
this  selective  action  differs  essentially  from  that  which  is  seen  in  the  case 
of  a  metastatic  deposit  of  corpuscular  elements.  It  may  therefore  be  as- 
sumed that  the  chemico-physical  character  and  the  functional  activity  of 
the  tissues  coming  into  contact  with  substances  in  solution  exert  a  deter- 
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minin^^  inflnence  upon  the  separation   and  precipitation  of  such  sub- 
stanceH. 

As  a  sixth  groap  of  metastatic  processes  may  be  classed  the  entraDee 
of  air  into  the  circulation.  If  in  any  manner  a  large  amount  of  air 
gains  entrance  to  tiie  right  heart,  an  event  which  occars  especially 
in  case  of  injnry  to  the  large  veins  lying  in  the  neighborhood  of  the 
thoracic  cavity,  or  more  rarely  from  the  opening  of  a  vein,  for  example, 
of  a  stomach-vein,  throogh  ulcerative  processes,  the  air  mingling  with 
the  blood  forms  a  foamy  masH,  which  the  contractions  of  the  heart  atv 
scarcely  able  to  drive  onward.  As  a  result  the  left  heart  receives  little 
or  no  blood,  the  aortic  pressure  falls,  and  the  affected  individual  quickly 
dies.  Should  the  air  enter  the  circulation  in  small  amounts  or  intermit 
tently,  it  may  be  carried  by  the  blood-stream  in  form  of  air-bubbles  and 
circulate  through  the  entire  body.  Larger  amounts  may  lodge  for  a  time 
in  the  vessels  of  the  major  or  minor  circulation,  obstruct  their  lumen. 
and  cause  disturbances  of  the  circulation,  which  may  give  rise  to  func- 
tional disturbances  of  the  brain  and  respiration.  If  these  conditions  do 
not  cause  death,  the  air  is  after  a  time  at>sorbed. 

If  the  lung-tissue  be  ruptured  through  trauma  or  through  violent 
coughing,  screaming,  or  vomiting,  etc.,  air  may  lie  forced  into  the  con- 
nective-tissue spaces  and  lymphatics,  and  may  extend  through  these 
into  all  parts  of  the  lungs,  pleurse,  and  the  mediastinum,  as  well  as  into 
the  skin.  The  conditions  thus  produced  are  termed  emphysema  of  the 
skin,  of  the  subcutaneous  tissue,  of  the  mediastinum,  etc  Under  cer 
tain  circumstances  the  air  may  spread  through  a  large  area  of  the  sub^ 
cutaneous  lymph- vessels  and  connective-tissue  spaces,  whereby  the  skin 
presents  an  inflated  appearance  and  when  pressed  upon  produces  a 
crackling  sound. 

According  to  SCebd  and  Kunkfl,  granules  of  cinnabar  and  indigo  injected  intotb« 
blood-stream  of  a  frog  are  quickly  taken  up  by  leucocytes,  and  after  one  to  two  hours 
no  more  free  granules  are  to  be  found  in  the  circulating  blood.  After  twentv-four 
hours  the  leucocytes  containing  pigment-granules  have  disappeared  from  the  circula 
tion,  and  lie  for  the  greater  part  clumped  together  in  the  capillaries,  the  greatest  dudi- 
bers  being  found  in  the  capillaries  of  the  spleen,  liver,  bone-marrow,  and  the  lungs, 
while  they  occur  in  smaller  numbers  in  the  capillaries  of  the  kidneys,  and  in  still  smalltr 
numbers  in  the  capillaries  of  the  heart-muscle. 

Even  after  two  hours  free  pigment  and  cells  containing  granules  are  found  outsHk 
of  the  vessels,  and  after  a  few  days  they  have  almost  wholly  disappeared  from  the  ves- 
sels. The  granules  lie  then  partly  in  wanderine-cells,  partly  in  fixed  cells,  as  weU  a-"; 
in  the  free  cells  of  the  splenic  pulp  (Ponfiek)  ana  bone-marrow.  They  may  he  found 
in  these  organs  for  weeks  afterward  {Hoffmann,  Langerhan$).  In  both  frogs  and  dogs 
some  of  the  granule-containing  cells  find  their  way  into  the  lumen  of  the  alveoli  aod 
bronchioles  and  so  pass  out  of  the  body.  In  the  uver  the  piraient* particles  for  the 
greater  part  adhere  for  a  short  time  to  the  endothelium  of  the  liver-capillaries  vA 
may  be  taken  up  by  the  endothelial  cells  (  BrowicZf  Heim) ;  another  part  is  found  io 
leucocytes,  which  later  wander  out  from  the  vessels  into  the  tissues.  Thence  they  are 
for  the  greater  part  taken  up  into  the  lymphatics  of  the  liver  and  ultimately  reach  tiie 
lymph-glands.  A  part  of  the  granules  finally  pass  out  with  the  bile,  but  by  «'h&t 
course  they  reach  the  bile- vessels  is  not  known.  In  dogs  the  pigment-granules  ai^' 
collect  in  the  tonsils  and  are  carried  to  the  surface  through  the  epithelium  by  tbe 
leucocytes  which  have  taken  them  up. 

According  to  the  observations  of  Jadassohn  (**  Pigmentverschleppung  aus  der 
Haut,"  jlrcA./.  Derm,,  24  Bd.,  1892)  and  ficAfni?r/("  Pigmentverschleppung  ausder  Haut' 
CerUraiU.  f.  aUg,  Path,,  4Bd.,  1898).  both  normal  and  pathological  pigment  may  be 
transported  from  the  skin  to  the  lymph-glands — in  other  words,  a  pigment-nuiattiuU 
may  take  place. 

According  to  Leitin  {Arth,  f,  erp.  Path.,  40  Bd..  1897),  if  the  outflow  of  urine  from 
the  bladder  be  hindered,  small  foreign  bodies  can  pass  into  the  kidney-pelves,  and 
thence  into  the  urinary  tubules,  lymph-vessels,  and  veins,  and  into  the  general  circula- 
tion. 
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Arnold:  Ueber  rftcklftufigen  Transport.    Virch.  Arch.,  124  Bd.,  1891. 

Bonome:  Trasporto  retrogrado  degli  emboli  e  embolia  crociata.     Arch,   per  le  Sc 

Med.,  xiii..  1889. 
Bouma:  Retroerader  Transport  im  Venensystem.    Virch.  Arch.,  171  Bd..  1903. 
Cohn:  Klinik  der  embolischen  Gefftsskranklieiten.  Berlin,  1860. 
Cohnheim:  Vorlesuugcn  fiber  allgemeine  Pathologic,  Berlin,  1882. 
Emgt:  ROcklftuf.  Transport  in  Herz-  u.  Lebervenen.    Virch.  Arch.,  151  Bd.,  1898. 
Hauser:    Embol.  Versclileppung  v.  Thromben  a.  d.  r.  Herzen  in   KOrperartOTen. 

Mfinch.  med.  Wocb.,  1888. 
liui:  Due  casi  di  embolia  retrograda.    Arch.   p.  le  Sc.  Med.,  xviii.,  1S94L 
V.  Becklinghauaen :  VenOse  Embolic  u.  retrograder  Transport.    Virch.  Arch.,  100 

Bd.,  1885. 
Ribbert:  Retrograder  Transport  im  Venensystem.    Cbl.  f.  allg.  Path..  1897. 
Sehmorl:  Leberruptur  mit  embol.  Verschleppung  v.  Lebergewebe.     Deut.  Arch,  f . 

klin.  Med.,  42  Bd.,  1888. 
Vierth:  Rilckl&ufige  Metast.  in  den  Lymphbahnen.    Beitr.  v.  Ziegler,  xviii.,  1895. 
Vog^l:  Retrograde  Metastase  innerh.  a.  Lymphbahn.    Virch.  Arch.,  125  Bd.,  1891. 
Zahn:  Paradoxe  Embolic.     Virch.  Arch.,  115  Bd.,  1889;  Geschwulstmetastase.  ib., 

117  Bd.,  1890. 

(Air  Embolism.) 

Gouty:  £tude  exper.  sur  I'entree  de  I'air  dans  les  veines.     Gaz.  med.  de  Paris,  1876. 
Pamsch :  Ueber  Unterhautemphysem  bei  Bronchopneumonie.     Deut.  med.  Woch., 

1891. 
Fiacher:  Luftcintritt  in  die  Venen  wftlirend  einer  Operation.     Deut.  Chir.,  Lief.  18, 

1885. 
Frlbitzel:  Unterhautemphysem  bei  Erkrank.  d.  Respirationsapparates.    Deut.  med. 

Woch.,  1885. 
Hare:  Entrance  of  Air  into  Veins.    Therapeutic  Gaz.,  1889;  Amer.  Jour,  of  Med  Sc., 

1902. 
Hauer:   Erscheinungen  im  gr.  u.  kl.  Kreislauf  bei  Luftembolie.     Zeit.  f.  Heilk..  xL, 

1890. 
Heller,  ICager,  u.  v.  Schrdtter:  Arterielle  Luftembolie.    Zeit.  f.  klin.  3Ied.,3*2Bd.. 

1897. 
Huaeznazin :  Luftembolie.     Eulenburg's  Jahrb.,  viii.,  1899. 
Jiirgensen:  Luftcintritt  in  d.  Venen.     Deut.  Arch.  f.  klin.  Med.,  81  Bd. ;  Luft  im 

Blute,  ib.,  41  Bd.,  1887. 
Panum:  Exper.  Beitrftge  zur  Lehre  von  der  Embolic.     Virch.  Arch.,  25  Bd.,  1862. 
Passet:  Ueber  Luftcintritt  in  die  Venen.    Arbeiten  a.  d.  path.  Institut  zu  Mfinchen, 

1886. 
Senn:  Entrance  of  Air  into  Veins.    Trans.  Amer.  Surg.  Assn.,  1885. 
Wolf:  Luftembolie.    Virch.  Arch.,  174  Bd.,  1908. 


III.  The  Sequelae  of  Lx>cal  Organic  Disease. 

§  22.  Secondary  diseases  whicli  arise  as  the  results  of  patho- 
logical conditions  of  individual  organs  oc€ur  with  great  f i*equency  as 
the  result  of  pathological  changes  in  the  blood  and  circulatory  apparatus. 

The  circulatory  apparatus  and  the  blood  therein  contained  bear  cer- 
tain relations  to  all  the  body-tissues,  and  accordingly  diminution  »« 
amount  and  pathological  alterations  of  the  blood,  as  well  as  cha7ige»  in  the 
blood-vessels,  often  give  rise  to  diseased  conditions  of  this  or  that  tissue 
or  of  the  entire  organism.  If  the  haemoglobin-content  of  the  bloml  is 
decreased  through  a  diminution  in  numbfer  of  the  red  blood-cells 
(oligocythfiemia),  or  through  a  pathological  condition  of  the  same,  or  if 
the  haemoglobin  through  the  action  of  carbon  monoxide  is  rendered  iu- 
capable  of  taking  up  the  oxygen  of  the  air,  the  body-tissues  will  no 
longer  receive  a  normal  amount  of  oxygen ;  consequently  there  will  arise, 
in  case  the  amount  of  oxygenation  falls  below  a  certain  point,  disturb* 


THE   SEQUELiE   OF   LOCAL   DISEASES. 


73 


ances  of  nutrition,  jis  tlie  results  of  which  there  occur  very  frequently 
conditions  of  fatty  degeneration,  and  under  certain  circumstances  death 
through  paralysis  of  the  nervous  centres. 

Should  an  artery  become  narrowed  or  closed  through  thrombosis  or  em- 
holism,  or  thickenings  of  its  walls,  as  in  the  case  of  the  arterial  disease 
known  as  arteriosclerosis,  there  will  arise  in  the  region  supplied  by  the 
affected  vessel  a  local  deficiency  of  food-supply  and  oxygen,  local  as- 
phyxia, and  later  degenerative  processes,  which  frequently  end  in  the 
death  of  the  specific  parenchymatous  elements,  at  times  also  of  the  con- 
nective-tissue framework. 

Li  the  brain  and  spinal  cord  the  vessel-changes  lead  to  ischsemic  proc- 
esses of  softening,  which  frequently  result  in  paralysis,  and  not  rarely 
in  death.  In  the  heart  there  results  a  diffuse  fatty  degeneration  or  local 
softening  of  the  heart-muscle,  giving  rise  to  disturbances  of  cardiac  ac- 
tivity or  often  even  to  complete  insufficiency.  In  the  kidneys  the  secret- 
ing glandular  parenchyma,  together  with  a  portion  of  the  connective 
tissue,  undergoes  necrosis  or  atrophy ;  and  the  loss  of  these  substances 
gives  rise  to  local  or  widespread  contractions,  which,  according  to  their 
origin,  are  designated  as  embolic  or  arteriosclerotic  atrophies. 

In  the  stomach  ischaemia  of  the  mucous  membranes  gives  rise  to  local 
ulcerations;  in  the  liver  and  muscles  to  atrophic  conditions.  No  tissue 
can  withstand  the  harmful  effects  of  a  long-continued  anaemia,  and  con- 
sequently the  narrowing  and  closure  of  arteries,  through  the  formation 
of  clots  or  through  changes  in  the  vessel-walls,  play  a  very  important 
role  in  pathology ;  and  are  not  only  the  causes  of  amemic  necrosis  (see 
Chapter  V.)  and  hcemorrhagic  infarction  (see  Chapter  IV.),  but  also  of 
numerous  progressive  atrophies  of  organs.  In  the  pathogenesis  of  the  last 
named,  arteriosclerosis  has  an  especially  important  part,  since  in  old 
age  it  is  of  very  common  occurrence,  and  gives  rise  to  tissue-degenera- 
tions in  organs  of  the  most  different  structure.  As  evidences  of  such 
degenerative  processes,  the  majority  of  the  affected  organs  show  later 
areas  of  scar-tissue,  in  which  the  specific  parenchyma  has  disappeared 
while  the  connective  tissue  has  increased. 

The  active  participation  of  the  vascular  apparatus  in  all  inflamma- 
ionj  processes  (see  Chapter  VII.),  the  disturbance  of  circulation  through 
the  alteration  of  the  vessel-walls,  the  shifting  and  changes  of  the  vasculur 
channels  which  result  from  the  closure  of  old  vessels  by  proliferation  of  en- 
dothelium  or  through  thrombosis,  as  well  as  from  the  formation  of  nexo 
vessels,  make  easily  comprehensible  the  fact  that  in  all  chronic  inflamma- 
tions the  specific  cells  dependent  upon  a  regulated  nutrition  undergo 
degeneration  and  are  frequently  replaced  by  connective  tissue  of  a  lower 
grade  than  normal. 

A  profuse  watery  discharge  from  the  intestines  may  deprive  the  or- 
ganism of  watec  If,  as  a  result  of  stenosis  of  the  oesophagus  or  pylorus, 
a  sufficient  amount  of  food  is  prevented  from  entering  the  intestinal 
tract,  or  if  the  stomach  and  intestine  are  no  longer  able  to  digest  the 
food  brought  to  them  and  to  prepare  it  for  assimilation  into  the  body 
juices,  the  organism  as  a  whole  becomes  poorer  in  albumin  and  fat. 

K  the  heart  is  no  longer  able  to  force  onward  with  normal  strength 
the  blood  coming  to  it,  there  will  arise  in  various  organs  changes  due  to 
venous  stasis.  K  the  respiration  is  hindered  or  imperfect,  the  composi- 
tion of  the  blood  suffers  changes.  Collection  of  fluid  in  the  thoracic 
cavity  causes  compression  of  the  lungs;  interference  with  expiration, 
with  free  insi)iration,  leads  fii-st  to  distention  of  the  lung  and  later  to 
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atrophy.  If  a  part  of  the  lung  has  been  rendered  nseless  by  chronic  in- 
flammation, the  inspiratory  enlargement  of  the  thorax  affects  only  thai; 
portion  of  the  Inng  which  is  capable  of  functionating,  and  this  part  be- 
comes over-distended  and  in  consequence  finally  atrophic. 

Diseases  of  the  parenchyma  of  the  liver  often  give  rise  to  disturbaDces 
of  the  circulation  of  blood  through  the  organ,  and  stasis  throughout  the 
portal  circulation  with  resulting  ascites.  Should  the  pancreas  be  de- 
stroyed or  if  it  is  no  longer  able  to  produce  its  ferments  (proteolytic 
trypsin,  amylolytic  diastase,  and  the  fat-splitting  and  emulsifying  steap- 
sin)  there  results  an  imperfect  metabolism  of  albumin,  carbohydrates, 
and  fat. 

Hindrance  to  the  outflow  of  urine  from  the  ureters  renders  difficult  the 
secretion  of  the  kidneys  and  leads  to  their  atrophy.  The  loss  of  a  largt 
portion  of  the  renal  parenchyma  is  followed  by  increased  blood-pressure  in 
the  aorta,  increased  action  of  the  heart,  and  hypertrophy  of  that  oi^n. 

An  increased  resistance  in  the  pulmonary  circiUation  due  to  diseased  con- 
ditions of  the  lungs  is  often  followed  by  dilatation  and  hyjiertrophy  of 
the  right  heart.  Obstntdion  to  the  flow  of  blood  through  the  aortic  opening 
leads  to  hypertrophy  of  the  left  ventricle.  Stenosis  and  insufficiency  of 
the  mitral  valve  cause  a  stasis  of  blood  backward  through  the  lungs  to 
the  right  heart.  This  may  be  compensated  for  through  hypertrophy  of 
the  right  ventricle,  or  may  extend  farther  back  into  the  veins  of  the  sys- 
temic circulation. 

An  oblique  position  of  the  pelvis  leads  to  curvature  of  the  spine.  Btif- 
ness  and  immovability  of  a  joint  cause  atrophy  of  the  muscles  moving  the 
joint,  the  atrophy  being  due  to  inactivity. 

IHseases  of  the  nervous  system  may  give  rise  to  functional  disturbances 
and  anatomical  changes  in  any  organ  of  the  body — ^in  glands,  muscles, 
skin,  bones,  lung,  heart,  intestine,  etc.  These  changes  are  to  be  referred 
partly  to  stimulation,  partly  to  inhibition  or  arrest  of  nervous  impnlses, 
and  partly  to  ansesthesia  (ansBsthetic  tissues  being  especially  liable  to  in- 
jury). Destruction  of  the  large  ganglion-cells  in  the  anterior  horns  of  the 
spinal  cord  leads  to  the  atrophy  of  the  corresponding  i)eripheral  nenes 
and  muscles.  Paralyzed  extremities  become  atrophic.  Diseased  condi- 
tions in  the  region  of  the  respiratory  and  vasomotor  centres  lead  to  dis- 
turbances of  respiration  and  circulation.  After  injury  to  certain  por- 
tions of  the  medulla  oblongata^  after  concussion  of  the  brain  and  spinal 
cord,  through  the  presence  of  tumors  in  the  brain,  after  psychical  affec- 
tions, after  poisoning  of  the  nervous  system,  there  is  caused  under  certain 
conditions  a  rapid  withdrawal  of  the  glycogen  of  the  liver  into  the  blood- 
stream and  the  excretion  of  sugar  in  the  urine.  Stimulation  of  periph- 
eral nerves  may  produce  abnormal  reflex  sensations  and  movements  as 
well  as  circulatory  disturbances  in  other  parts  of  the  body.  Paralysis 
of  both  vagi  or  of  their  branches,  the  recurrent  laryngeal  nerves,  through 
inflammatory  changes  or  through  pressure  from  neighboring  lymph- 
glands,  etc. ,  may  be  followed  by  inflammation  of  the  lungs,  in  that  the 
accompanying  paralysis  of  the  laryngeal  muscles  favors  the  entrance  of 
foreign  bodies  into  tie  lungs  during  inspiration. 

The  so-called  trophoneurotic  diseases  of  the  tissues  are  not  mentioned  above,  for 
the  reason  that  the  trophic  relations  of  the  nervous  system  to  the  individual  tissues  are 
not  yet  clear,  and  the  views  of  diflferent  authors  as  to  the  dependence  of  the  tissues  upon 
the  nervous  system  vary  greatly.  Many  authors  ascribe  to  the  trophic  action  (»f  tbe 
nervous  system  a  far-reaching  influence  upon  the  conditions  of  the  tissues,  and  seek  the 
nerves  forming  the  connections  with  the  nerve-centres,  partly  in  the  motor,  secretoiy. 


AUTOINTOXICATION. 


76 


scDsory,  and  reflex  nerves,  as  well  as  in  special  trophic  nerves.  Thus,  for  example, 
muscular  atrophy,  glandular  atrophy,  atrophj  of  the  bones  and  joints  (in  tabes  and 
syringomyelia),  different  pathological  conditions  of  the  skin  characterized  by  thinning, 
exfoliation  of  the  epithelium.  Toss  of  hair,  inflammations,  etc.,  unilateral  tissue- 
atrophies,  necroses,  also  hypertrophic  proliferations  of  muscles,  glands,  skin,  or  bones, 
etc.,  are  all  referred  to  affections  of  the  nerves. 

It  cannot  be  doubted  that  both  degenerative  and  hypertrophic  tissue -changes  and 
inflammationa  often  occur  as  sequelae  to  disturbances  of  innervation,  but  these  most 
probably  are  not  the  direct  result  of  the  removal  or  change  of  nerve- influences  affecting 
the  tissues,  but  are  rather  the  results  of  increased  or  decreased  functional  activity  of 
the  tissue,  or  of  injuries,  inflammations,  or  disturbances  of  circulation,  which  have  de- 
veloped in  connection  with  the  disturbances  of  innervation — for  example,  in  connection 
with  the  loss  of  sensibility.  GoU  and  Ewald,  after  completely  destroying  the  thoracic 
and  lumbar  portions  of  the  spinal  cord  of  dogs,  were  able  through  great  care  to  pre- 
serve uninjured  the  skin  of  the  animals  thus  operated  upon ;  they  are,  therefore,  op- 
posed to  the  theory  of  the  existence  of  trophic  centres  and  nerves. 
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IV.  Autointoxications  and  Disturbances  of  Internal  Secretion. 

§  23.  Autointoxication  or  self-poisoning  may  take  place  in  a 
variety  of  ways.  In  the  first  place,  poisonous  products  of  metabolism  of 
normal  character  and  produced  in  normal  amounts  may  fail  of  proper  ex- 
cretion, and,  being  carried  over  into  the  juices  of  the  body,  may  be 
retained  in  the  same.  Secondly,  the  physiological  production  of  poisonous 
substances  may  be  pathologically  increased.  Thirdly,  it  may  happen  that 
poisonous  produ4is  of  metabolism,  which  normally  are  decomposed  and 
thereby  rendered  harmless,  may,  as  a  result  of  a  local  or  general  meta- 
bolic disturbance,  escape  such  destruction.  Finally,  it  may  also  happen 
that,  as  the  resuU  of  pathological  changes  or  cessation  of  the  functional 
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activity  of  certain  orgam,  poisonous  substances  may  appear  in  the  Nood  and 
also  in  the  urine.  According  to  the  place  of  orig:in  poisons  may  be  classed 
aH  enterogenous,  arising  in  the  intestine,  and  histogenous,  arising  in 
the  tissues. 

If  injurious  products  arising  from  tiie  decomposition  of  albumin  are 
retained  or  formed  in  excessive  amounts  in  the  intestinal  canal,  they  may  give 
rise  to  both  local  changes  and  a  general  intoxication.  For  example, 
through  the  action  of  the  bacteria  present  in  the  intestines,  the  sul- 
phuretted hydrogen,  arising  from  the  sulphur  of  albuminous  bodies,  may 
be  formed  in  such  amount  as  to  pass  into  the  blood  and  impart  its  char- 
acteristic odor  to  the  breath,  and  to  be  found  also  iu  the  urine.  Further, 
those  toxic  substances  especially  which  arise  from  the  decomposition  of 
albujniu  through  the  action  of  the  intestinal  bacteria,  when  taken  up 
into  the  blood  are  able  to  produce  symptoms  of  poisoning,  vomiting, 
headache,  vertigo,  stupor,  acceleration  and  weakening  of  cardiac  activity, 
etc.  This  action  of  toxins  is  especially  marked  in  those  cases  in  which 
there  is  faecal  retention  or  when  the  stomach  or  pancreas  produces  little 
or  no  enzyme,  it  being  known  that  the  enzymes  have  a  neutralizing  action 
upon  certain  toxins  (see  §  29).  It  is  also  probable  that  the  tetany  oc- 
curring rarely  in  dilatation  of  the  stomach  may  be  due  to  an  autointoxi- 
cation. 

If  the  function  of  the  kidneys  is  disturbed  to  such  a  degree  tliat  the  sub- 
stances convertible  into  urea  are  excreted  in  insufficieut  quantity,  symptoms 
of  intoxication  may  manifest  themselves  as  the  result  of  the  retention  of 
these  substances.  These  symptoms  are  characterized  by  a  condition  of 
coma  interrupted  by  convulsions  and  by  disturbances  of  respiration — the 
symptoms  collectively  being  designated  as  uraemia.  According  to  von 
Limbeck,  the  retained  substances  have  a  narcotic  action,  the  first  effects 
of  the  narcosis  being  a  dulling  of  sensibility  and  insomnia.  It  has  not 
been  yet  been  determined  whether  the  toxic  effects  are  due  to  a  single 
element  or  to  a  mixture  of  substances.  According  to  the  investigations 
of  Bohne,  it  is  very  probable  that  the  retention  of  chlorides  in  the  organ- 
ism plays  the  most  important  part  in  the  production  of  this  condition. 
Besides  the  products  of  normal  metabolism,  those  arising  in  the  course  of 
certain  diseases  (infections)  may  also  have  a  toxic  action. 

Since  many  substances  are  excreted  by  way  of  the  intestines,  it  is 
possible  that  under  certain  conditions  a  disturbed  function  of  the  intestines 
may  render  it  difficult  for  the  organism  to  rid  itself  of  poisons  and  in 
this  way  lead  to  an  autointoxication,  coprsmia.  Likewise,  an  excessive 
accumulation  of  carbonic  acid  within  the  blood,  through  some  interference 
with  the  exchange  of  gases  in  the  lungs,  may  cause  symptoms  of  poisoning. 

When  the  excretion  of  bile /row  the  liver  is  hindered  or  arrested,  through 
some  pathological  condition  in  the  bile-passages  or  in  the  liver  itself, 
the  elements  of  the  bile  are  taken  up  into  the  blood,  and  the  condition 
known  as  cholaemla  is  produced.  Both  the  biliary  salts  and  bile-pigment 
enter  the  blood,  and  their  presence  in  the  circulation  gives  rise  to  gen- 
eral lassitude,  depression,  mental  exhaustion,  inclination  to  sleep,  slow- 
ing of  the  pulse-rate,  itching  of  the  skin,  and  abnormal  sensations  of 
hearing  and  taste.  The  effects  upon  the  heart,  muscles,  and  central  ner- 
vous system  are  ascribed  to  the  bUe-salts.  These  also  possess  a  haemo- 
lytic  action  upon  the  red  blood-cells.  According  to  Bickel,  ammonia- 
salts,  leucin,  and  phenol  must  also  be  taken  into  consideration  in  the 
explanation  of  the  symptoms. 

If  the  liver  has  undergone  marked  pathological  changes,  not  only  does 
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the  production  of  the  bile  as  well  as  that  of  sugar  and  urea  suffer,  but 
certain  substances  brought  to  the  liver  from  the  intestines  and  normally 
decomposed  by  this  organ  may  pass  through  it  unchanged.  Many  be- 
lieve that  at  least  the  severe  symptoms  (conditions  of  mental  excitement, 
delirium,  lethargy,  coma,  and  cerebral  paralysis)  which  occur  in  degen- 
erations of  the  liver  (icterus  gravis)  are  to  be  referred  in  part  to  the 
presence  of  such  substances  in  the  blood,  and  base  their  belief  upon  the 
fact  that  under  such  conditions  abnormal  substances  (ammonium  carbo- 
nate) appear  in  the  urine.  In  degenerations  of  the  pancreas,  large 
amounts  of  dextrose,  acetone,  and  aceto-acetic  acid  (see  §  25)  may  ap- 
.  pear  in  the  blood  and  urine.  The  two  last-named  substances  have  a 
toxic  action,  and  many  are  disposed  to  ascribe  such  symptoms  to  a  dis- 
turbance of  pancreatic  function.  Finally,  after  degeneration  of  the 
thyroid  or  adrenals  (g§  25  and  26),  pathological  symptoms  arise  which 
possibly  may  be  explained  in  part  by  the  assumption  that,  as  the  result 
of  the  degeneration  of  these  organs,  poisonous  products  of  metabolism 
are  no  longer  destroyed. 

In  the  constitutional  disease  known  as  STout,  local  deposits  of  meta- 
Iwlic  products,  in  the  form  of  urates,  give  rise  to  local  tissue-degenera- 
tions and  inflammations. 

The  condition  of  eclampsia  gravidarum  is  an  autointoxication  re- 
sulting from  pregnancy,  and  is  probably  due  to  poisons  originating  in  the 
festal  placenta. 

The  term  aotolntoxlcation  is  not  used  with  the  same  slfi^nificance  by  all  writers, 
many  of  them  giving  U)  it  a  broader  meaning  than  the  one  given  above,  and  even  ap- 
plying the  term  autointoxication  to  certain  intoxications  caused  by  pathogenic  bacteria. 
In  justification  of  such  a  view  it  may  be  said  that  the  poisons  in  such  cases  arise  for  the 
greater  part  from  component  elements  of  the  body.  At  the  same  time  such  a  widen- 
ing of  the  significance  of  the  term  appears  to  me  inexpedient,  in  that  the  cause  of  the 
decomposition  lies  not  in  the  body  itself,  but  comes  from  without,  so  that  the  intoxica- 
tion is  the  result  of  a  preceding  infection.  It  seems  to  me,  therefore,  to  be  more  correct 
to  apply  the  term  autointoxication  only  to  those  forms  of  poisoning  wliich  are  produced 
by  pmducts  of  metabolism,  either  under  the  influence  of  the  activity  of  the  Ixjdy-cells 
or  through  the  activity  of  bacteria  constantly  present  in  the  intestine.  As  authoriza- 
tion for  including  the  poisoning  by  products  arising  from  intestinal  decomposition 
among  the  autointoxications,  I  draw  upon  the  fact  that  the  intestinal  bacilli  which 
cau5e  this  decomposition  are  constant  inliabitants  of  the  intestine,  and,  according  to  the 
investigations  of  Schottelius,  are  indispensable  factors  in  the  processes  of  nutrition  of 
man  and  the  higher  vertebrates.  The  enterogenova  nntointoxieations,  which  are  caused 
bv  these  int<?stinal  bacteria  and  which  occur  especially  in  childhood  through  retention 
oif  the  intestinal  contents  (ileus)  or  in  acute  digestive  disturbances  (asthma  dyspep- 
tioum),  are  in  their  severe  forms  characterized  chiefly  by  disturbance  of  heart-action, 
small  and  frequent  pulse,  cyanosis,  coldness  of  the  extremities,  sunken  expression,  and 
lowering  of  the  body  temperature.  They  may  owe  their  origin  in  part  to  retention  of 
intestinal  contents  in  this  or  that  portion  of  the  intestinal  tract,  and  in  part  to  changes 
in  the  products  of  decomposition  (formation  of  toxins)  depending  either  upon  the  es- 
pecial character  of  the  material  taken  into  the  intestines  (deficiency  of  carbohydrates, 
i»aniriilarly  of  sugar,  favors  the  extension  into  the  small  intestine  of  processes  of  de- 
^  imposition  normally  confined  to  the  colon),  or  upon  a  change  in  the  virulence  of  the 
jwteria,  or  upon  a  deficient  production  of  enzymes.  It  is  not  always  possible 
in  such  cases  to  decide  whether  other  bacteria,  foreign  to  the  intestine,  are  not 
also  concerned  in  the  production  of  poisons.  The  appearance  of  cystin  in  the  urine  is 
to  be  regarded,  according  to  the  researches  of  Baumann  and  van  TJdramki,  as  evidence 
of  especial  processes  of  intestinal  decomposition  resulting  in  the  production  of  diamins. 
The  hypothesis  that  puerperal  eclampsia  is  an  automtoxication  dependent  upon 
prejpiancy  is  at  the  present  time  supported  by  the  majority  of  writers.  Clinically 
the  formation  of  toxic  substances  during  pregnancy  may  be  recognized  by  the  occur- 
rence of  nausea,  vomiting,  emotional  depression,  chorea,  hiemoglobinuria,  albuminuria, 
and  finally  by  eclampsia.  The  anatomical  findings  in  women  who  have  died  of  eclanipsia 
are  multiple  thromboses  in  the  smaller  vessels  and  capillaries,  and  focal  degenerations, 
usually  associated  with  hajmorrhages  in  the  liver,  kidneys,  brain,  and  lungs.     In  the 
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iunffs  there  are  also  often  found  syncytial  cells  or  portions  of  the  chorionic  villi.  The 
fibrin-content  of  the  blood  is  markedly  raised.  Should  the  child  die  (as  takes  place  in 
about  forty  per  cent  of  cases)  corresponding  changes  may  be  found  in  its  organs. 

It  was  at  first  thought  that  the  place  of  origin  of  the  poison  was  in  the  maternal 
organism,  and  the  cause  was  sought  in  alterations  of  proteid  metabolism  in  which  the 
disturbances  of  function  were  at  one  time  located  in  the  kidneys,  at  another  time  in 
the  liver  or  in  the  thyroid.  Recently  the  view  has  been  advanced  that  the  intoxica- 
tion is  to  be  referred  to  products  of  the  placenta  (cytotoxins).  Veit  assumes  a  direct 
intoxication  through  placental  elements  which  takes  place  when  the  placental  toxin  can 
no  longer  be  rendered  inactive  through  the  formation  of  antitoxin  (syncytiolysin). 
On  the  other  hand,  Arcoli  believes  that  the  mother  produces  an  excess  of  syncytiolysin 
and  thereby  poisons  herself.  Weichart  thinks  that  there  are  formed  through  syncyti- 
olysis,  that  is,  the  solution  of  the  transported  placental  elements,  albumin  bodies 
(sjrncytiotoxins)  which  are  poisonous  to  the  mother.  At  the  present  time  it  cannot  be 
decided  which  one  of  these  hypotheses  corresponds  most  fully  to  the  actual  oonditk>D8. 

According  to  the  view  of  Bout/tardy  autointoxications  are  caused  in  particular  bj 
leucomaTna-'that  is.  by  the  earlier  products  of  retrogressive  metamorphosis  of  albumin- 
ous bodies,  which  normally  are  further  decomposed  in  the  process  of  intra-organic  oxi- 
dation until  they  reach  the  form  of  urea  and  are  then  excreted. 
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§  24.  If  a  gland  produces  an  internal  secretion — ^that  is,  if  it  gives 
to  the  lymph  or  the  blood  certain  substances  which  are  necessary  for  the 
normal  x)erformance  of  the  functions  of  other  organs  or  of  the  organism 
as  a  whole — an  alteration  or  total  failure  of  this  function  will  cause 
more  or  less  important  disturbances  of  nutrition,  as  well  as  of  the  func- 
tional activity  of  other  organs  and  of  the  entire  organism.  Such  an  in- 
ternal secretion  is  ascribed  to  the  liver,  pancreas,  thyroid,  adrenals, 
thymus,  and  the  sexual  glands,  yet  our  knowledge  of  the  nature  of  these 
secretions  is  very  slight  and  hypothetical.  We  are  able  to  infer  the  in- 
fluence exerted  by  these  glands  upon  metabolism  and  the  life  of  the 
organism  only  from  the  disturbances  which  arise  when  the  glands  in 
question  become  diseased.  Among  the  most  important  of  the  diseases 
belonging  in  this  category  are  diabetes  meUitus,  Ihyreoprival  cachexia, 
myxcedema,  cretinism,  AMisorCs  disease,  and  the  functional  and  anatomical 
changes  occurring  in  the  body  after  castration.  In  a  certain  sense  it  is 
proper  to  consider  in  this  connection  asphyxia,  which  arises  from  a  /aU- 
tire  of  the  lungs  to  perform  properly  their  function,  in  that  through  the 
functional  activity  of  the  lungs  the  requisite  amount  of  oxygen  is  sup- 
plied to  the  organism. 

Diabetes  mellitus  is  a  disease  which  is  characterized  especially  by 
the  presence  of  lai*ge  amounts  of  grax>e-sugar  in  the  urine  (glycosuria), 
accompanied  by  a  great  increase  in  the  total  amount  of  urine  secreted 
(polyuria),  and  often  also  by  a  pathological  increase  of  acetone  and  the 
excretion  of  aceto-acetic  acid  and  i5-oxybutyric  acid  in  the  urine.  At 
the  same  time  grape-sugar  and  these  acids  are  found  in  the  blood  and 
often  lead  to  a  diminution  of  its  alkalinity.  When  the  acid-content  of 
the  blood  is  high,  headache,  anxiety,  delirium,  fainting,  and  finally  a 
condition  of  loss  of  consciousness  (coma  diabeticum)  develop,  and  these 
conditions  are  probably  to  be  ascribed  to  an  acid-intoxication« 

The  entrance  of  sugar  into  the  urine  may  be  caused  by  too  great  an 
ingestion  of  sugar,  so  that  part  passes  into  the  urine  unchanged  (ali- 
mentary glycosuria).  Glycosuria  may  also  follow  an  injury  to  certain 
portions  of  the  medulla  oblongata  (puncture  of  Bernard),  or  as  the  result 
of  disease-proceases  in  the  brain  (degeneration,  epilepsy,  mental  affec- 
tions, severe  psychical  disturbances,  tumors,  parasites),  or  of  certain 
forms  of  poisoning  (carbon  monoxide,  curare,  morphine,  strychnine, 
amyl  nitrite,  nitrobenzole),  in  which  the  liver  probably  gives  up  its  gly- 
cogen into  the  blood  more  rapidly  than  normal,  so  that  a  condition  of 
hyperglycemia  is  produced. 

Finally,  glycosuria  may  be  due  to  an  inability  on  the  part  of  the  kid- 
neys to  hold  back  the  small  amounts  of  glucose  found  normally  in  the 
blood,  a  phenomenon  which  may  be  produced  experimentally  by  the 
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administration  of  phloridziu  (von  Mering)    or   of  caffeine    sulphate 
(Jacobj). 

These  alimentary,  nervous,  and  toxic  glycosurias  are,  however,  to  be 
distinguished  from  the  ordinary  form  of  diabetes,  in  that  in  the  latter  the 
cause  of  the  glycosuria  is  to  be  sought,  not  in  an  increased  conveyance 
of  sugar  into  the  blood,  or  in  a  pathological  excretion  of  the  sugar  con- 
tained in  the  blood,  but  much  rather  in  the  fact  that  the  diabetic  patient 
is  unable  to  decompose  sufficiently  the  carbohydrates,  and  especially 
dextrose,  while  the  sugars  which  turn  polarized  light  to  the  left  (levn- 
lose  and  inulin)  ordinarily  can  be  oxidized  either  wholly  or  at  least  in 
greater  amounts  than  dextrose.  In  most  cases  the  power  to  form  fats 
from  the  carbohydrates  is  also  lessened,  yet  there  are  cases  in  which  this 
function  is  unimpaired  and  the  sugars  are  stored  up  in  the  body  in  the 
form  of  fat  (diabetogenous  obesity). 

According  to  the  investigations  of  von  Mering  and  Minkowski,  which 
have  been  confirmed  by  different  authors,  this  loss  of  power  in  the  or- 
ganism to  oxidize  the  sugars  brought  into  the  body  or  formed  normally 
in  the  body  from  albumin,  or  to  store  them  up  as  glycogen  or  fat,  is  to 
be  ascribed  to  an  insufficiency  of  pancreatic  function.  This  conclusion 
is  drawn  chiefly  from  the  fact  that  after  total  extirpation  of  the  pancreas 
in  dogs,  a  diabetes  of  severe  character,  usually  fatal  within  a  few  weeks, 
is  produced,  this  being  characterized,  as  is  diabetes  in  the  human  sub- 
ject, by  polyuria,  polydipsia,  hyperglycaemia,  glycosuria,  diminution  of 
the  glycogen  of  the  tissues,  also  at  times  by  marked  destruction  of 
albumin,  emaciation,  excretion  of  large  amounts  of  acetone,  aceto-acetic 
acid,  /5-oxybutyric  acid,  and  ammonia,  as  well  as  by  the  occurrence  of  a 
comatose  condition.  In  support  of  the  view  that  there  is  a  definite  re- 
lation between  disturbances  of  pancreatic  function  and  diabetics,  it  has 
been  found  that  in  certain  cases  of  this  diseiise  in  man  the  pancreas  has 
exhibited  demonstrable  changes,  of  the  nature  of  atrophy  or  degenera- 
tion. It  should,  however,  be  borne  in  mind  that  the  anatomical  investi- 
gation often  fails  to  reveal  a  pathological  condition  of  the  pancreas;  so 
that  we  are  forced  to  content  ourselves  with  the  hypothesis  that  the 
anatomical  changes  underlying  the  functional  disturbance  of  the  pan- 
creas are  not  demonstrable. 

An  exact  explanation  of  the  causal  relations  existing  between  pan- 
creatic disease  and  diabetes  cannot  at  the  present  time  be  given,  yet  from 
the  foregoing  experimental  researches  the  hypothesis  may  be  deduced 
that  the  pancreas  produces  an  internal  secretion  which  either  gives  the 
body  the  power  to  destroy  glucose  or  increases  this  glycolytic  capacity. 
Likewise,  no  explanation  can  at  present  be  given  for  the  Increased  de- 
struction of  the  albumins  and  the  accompanying  abundant  production  of 
/5oxy  butyric  acid,  aceto-acetic  acid,  and  acetone.  Since  these  substances 
are  not  always  found  in  experimental  pancreatic  diabetes,  their  forma- 
tion probably  does  not  stand  in  direct  relation  to  the  excretion  Ox  sugar, 
but  is  to  be  regarded  rather  as  a  complication  of  diabetes  (Minkowski;. 
Their  occurrence  in  diabetes,  moreover,  is  not  always  constant,  and 
they  are  found  in  other  diseases  (intoxications,  carcinoma,  disturbances 
of  digestion). 

The  occurrence  of  diabetes  after  total  extirpation  of  the  pancreas  is  evidence  that 
this  organ  possesses  a  special  function  which  is  of  the  greatest  importance  in  the  nor- 
mal consumption  of  sugar  in  the  organism.  Lepins  is  of  the  opinion  that  there  is  in  the 
blood  a  glycolytic  ferment,  which  is  formed  by  the  pancreas  and  passed  from  this  or- 
gan into  the  blood ;  and  that  the  cause  of  the  mellituria  in  diabetic  patients  and  in  dogs 
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From  wlifcb  the  pancreas  has  been  removed  la  to  be  sought  in  a  decrease  in  the  amount 
of  this  ferment.  According  to  Cohnheim,  Jtahel.  Uirieh.  Arnhtim,  Blvmentkal,  and 
others  the  paocreas  has  the  power,  in  a  way  not  yet  explained,  of  exciting  to  action  the 
gl.vcolvtic  ferments  found  in  the  dillerent  organs.  The  addition  of  pancreatic  emulsion 
\Ciihi\fitim)  to  the  expressed  Juice  of  muscle  Increases  Its  glycolytic  capacity.  At  Ihe 
present  time  it  is  impossible  to  oSera  satisfactory  eiplaDatioo  of  Ihe  patliogenesis  of 
pancreatic  diabetes.  According  to  Stoklasa  the  anaerobic  respiration  of  the  animal 
organs  is  an  alcoholic  fermentation  caused  by  enzymes  which  niay  be  scpamled  from 
ilie  cells  and  obtained  in  the  form  of  powder.  They  will  produce  an  alcoholic  fer- 
cienlaiion  aa  long  as  they  are  not  subjected  to  the  action  of  lactic  acid  and  thereby  in- 
liibited.  In  diabetes  such  an  inhibition  of  the  splitting  of  glucose  Into  alcohol  and 
carbonic  acid  occurs  through  the  formation  of  lactic  acid. 

If  only  a  portion  of  the  pancreas  of  a  dog  be  removed,  no  diabetes  occurs,  or  at 
least  the  excretion  of  sugar  is  much  less  than  after  total  extirpation  {MinkoKtki).  11  Id 
ilo^  from  which  the  pancreas  has  been  totally  removed  a  portion  of  pancreas  is  trana- 
plttincd  subcutaneously,  diabetes  doca  not  follow  {Minkotetki,  Hedon),  but  occura  if  the 
tmasplanled  piece  be  excised. 

According  to  MinlanMki,  there  is  no  direct  communication  between  the  secretory 
function  of  the  pancreas  and  that  function  of  the  organ  concerned  in  the  metabolism  of 

Poisoning  with  pbloridzin  produces,  according  to  ton  Mering  and  Minkovmki,  a 
marked  glycosuria  in  most  animsls  and  In  man,  and  the  same  symptoms  as  those  seen 
in  diabetes,  may  be  produced  by  a  continuous  administration  of  the  poison.     Since  in 


the  pathological  excretion  of  sugar  lies  in  the  kidneys  and  repre- 
sents a  Hushing-ont  of  sugar  from  the  organlsrri,  phlondzin  diabetes  caonot  be  Identilicd 
wiTli  tlie  ordinary  form  of  diabetes  found  in  man^llint  is,  with  pancreatic  diabetes.  In 
dogs  in  which  diabetes  has  been  produced  by  the  extirpation  of  the  pancreas,  phlondzin 
produces  an  increase  in  the  amount  of  sugar  excreted  (Miiikoaaki). 
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§  26.  Cachexia  thyreopriva  is  a  peculiar  disease  caused  bj  defirinA 
or  totally  abHent  function  of  the  thyroid,  resulting  eitiier  from  defective  de 
velopmeut  or  from  patliologiciil  changes  in  the  gland.     To  Kocher,  who 
observed  that  it  followed  total  extirpation  of  the  thyroid,  belongs  the 
honor  of  having  discovered  the  cause  of 
this  disease.     Numerous  clinical  observa- 
tions and  experimental  researches  which 
followed  this  discovery  have  confirmed  the 
fact  that  the  presence  of  thyroid  tissue  is 
essential  to  the  maintenance  of  the  integ- 
rity of  the  organism,  and  that  the  body, 
especially  during  its  period  of  growth,  re- 
quires a  thyroid  gland  capable  of  function- 
ating normally.      It  is  probable  that  the 
gland  produces  a  substance  (tjiyroiodine) 
which  serves  a  useful  purpose  in  the  bodily 
metaebolisni.     It  is  also  possible  that  this 
gland    neutralizas  or  destroys   poisonous 
substances  circulating  in  the  blood. 

According  to  experimental  and  clinical 
observations,  the  total  extirpation  of  the 
thyroid  gland  produces  in  mau  and  in 
animals,  after  a  very  short  time,  severe 
symptoms,  which  are  characterized  espe- 
cially by  muscular  twitchings,  convulsions, 
and  paralysis,  so  that  the  condition  has 
been  called  thyreoprival  tetany.  Young 
animals  and  carnivora  are  especially  sus- 
ceptible ;  dogs  die  for  the  gresiter  part  in 
a  short  time  after  total  thyroidectomy. 

If  the  loss  of  the  gland  is  at  first  well 
borne,  as  is  the  case  in  man,  theixi  arise  in 
the  course  of  mouths  or  years  peculiar  dis- 
turbances of  nutrition,  beginning  with 
weakness  and  heaviness  of  the  limbs,  feel- 
ing of  coldness,  often  also  pain  and  tran- 
sient swelling  of  the  limbs,    with    loss   of    ^lerlbe  lotoi  Mtlqiatlra 

A    -x        x«    'A IT         J.  t-      «  gland  In  patient's  tenth  year:  lenfiih  i-i 

mental  activity,  leading  to  a  cachexia  as-   Body  m  cm.  (see  Gnmdier,  ux,  dt.^ 
sociated  with  anaemia,  and  characterized 

further  by  pale  swellings  of  the  skin,  especially  of  the  face  (Pig.  5),  and 
marked  diminution  of  mental  powers,  together  with  a  loss  of  musonbir 


Fio.  6.  —Thyreoprival  cachexia  ▼ith 
cretin-like  dlsturtaanoe  of  develoiwent. 
in  a  man  twenty-eight  ye«r!i  oliJ,  arbinir 


mtx(edema:  cretimsm.  83 

strength,  these  symptoms  Siially  termiuating  iu  death.  The  removal 
of  the  thyroid  gland  in  childhood  canses  disturlKinees  of  growth,  the 
increase  in  length  of  the  bones  falling  below  the  normal  or  ceasinp  alto- 
Kether  (Fig.  5).  Animals  (rabbits  and  Roats)  that  have  had  their  thy- 
roid glauds  removed  soon  after  birth  do  not  reach  full  growth  and 
acitnire  au  expression  of  stnpidity. 

In  thyreoprival  tetany  the  body  temperature  is  increased;  in  the 
cachexia  it  is  lowered. 

Disturbances  of  thyroid  function,  as  well  as  tot^il  extirpation,  lead 
to  pathological  conditions  of  the  body.  Both  clinical  observations  and 
experimental  investigations  tend  to  show  that  the  peculiar  disease  (Fig. 
6)  known  as  myxoedema  (Ord)  is  due  to  changes  in  the  thyroid. 
Mysoedema  is  a  condition  in  which  the  external  appearance  of  the  pa- 
tient is  suggestive  of  thyreoprival  cachexia,  in  that  the  sain^  cUamcter- 
isticpale  audelastic  swellings  of  the  skin  of  the  face  (Fig.  6),  not  pitting 
oil  pressure  with  the  hngers,  are  associated  with  similar  pale  and  dry 
swellings  in  other  parts  of  the  body.  Further,  there  is  a  loss  of  intel- 
lectual power,  which  finds  expression  in  an  increasing  diiliculty  in  think- 
ing and  acting,  dulness  of  the  tactile  sense,  retardation  of  muscular 
action,  and  a  monotonous  nasal  voice.  Finally,  a  marked  general 
weakness  and  often  also  symptoms  of  actual  mental  derangement  occiu*. 


Tia.  S.— UTioeileinB  (cue  obnrTed  Fio.  J.—Mjueit-mt.    The  same  Indlrld- 

\tj  Mdlifr).    Age  of  pMleac  Uilrtr-  ual  (FIe-B)  afb^r  Uiree  mnnUia  of  trwunent 

KceD  yeui.  wllh  pulverized  (brep'ii  Uiinild. 

and  death  follows  a  gradually  increasing  cachexia  associated  with  symp- 
toms of  anieniia  aud  coma.. 

Judging  from  the  clinical  and  anatomical  characteristics  presented 
hy  the  patients,  cretinism  (Fig.  8) — that  is,  the  alterations  in  the  struc- 
ture aud  fnnctioDsof  the  body  which  characterize  this  disease — in  de- 
pendent upon  disturbances  of  thyroid  function.  In  support  of  this  view 
b  the  fact  that  iu  cretins  there  is  always  present  some  degenerative  con- 
dition of  thethjToid,  the  organ  being  either  enlarged  (goitre)  and  changed 
in  stnictnre  (endemic  cretinism),  or  either  imperfectly  developed  or 
wholly  lacking  (sporadic  cretinism).     Further,  the  general  appearance  of 
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cretins  (Fig.  8)  is  similar  to  that  of  those  individnals  who  as  a  result  of 
thyroidectomy  iu  early  childhood  (Fig.  6)  have  become  stunted  in  de 
velopment  The  longitudinal  growth  of  the  long  bones  is  more  or  les^ 
below  that  of  the  normal,  while  the  soft  parts  are  relatively  well  devel 
oped.  The  individual  portions  of  the  body  are  unequally  developed, 
the  head  is  relatively  large,  the  abdomen  and  neck  are  thick,  the  bridge 
of  the  nose  is  depressed,  while  the  nose  itself  is  broad  and  stumpy;  the 
skin  is  pale,  flabby,  wrinkled,  and  puffed,  as  if  oedematously  swollen, 
particularly  over  the  face.  The  mental  faculties  are  always  feeble. 
sometimes  markedly  so.  The  power  of  si>eech  and  of  understanding 
words  may  be  entirely  absent,  and  only  the  less-marked  cases  of  cretin- 
ism are  capable  of  performing  work  of  any  kind.  The  cause  of  endemic 
cretinism  is  unknown. 


The  great  importance  of  the  thyroid  gland  for  Xhe  general  nutrition  of  the  organ- 
ism, the  cerebral  functions,  and  the  development  of  the  bones  has  been  placed  beyond 
all  doubt  bv  numerous  clinical  observations  and  ex- 
perimental investigations.  As  to  the  exact  mode  of 
action  of  the  thyroid,  there  are,  however,  different 
opinions.  If  an  animal,  after  thyroidectomy,  is  fed 
with  t^e  thyroid  of  some  other  animal — for  instance, 
that  of  the  sheep — the  injurious  effects  usually  ob- 
served after  removal  of  the  thyroid  do  not  appear 
and  will  occur  only  when  the  feeding  is  stopped.  In 
man  the  administration  of  fresh  thyroid  tissue  or  of 
thyroid  extracts  exerts  a  healing  influence  on  the 
thyreoprival  cachexia  and  myxoedcma  (Fig.  7);  and 
reports  have  been  published  of  favorable  results  of 
tiro  same  treatment  in  children  suffering  from  cretin- 
lilce  disturbances  of  development. 

Goitres  (enlarged  and  hypertrophic  thyroids  with 
nodules  of  new-formed  thyroid  tissue)  which  have 
not  yet  undergone  secondary  degenerations  often 
diminish  in  size  after  the  continued  use  of  thyroid 
tissue  for  several  weeks,  often  with  a  marked  retro- 
gression of  the  follicles  {ron  Br  tins),  but  after  the 
cessation  of  the  treatment  soon  begin  to  grow  again. 

According  to  Lam,  the  extirpation  of  the  thyroid 
in  hens  causes  a  diminution  in  size  of  the  e^gs; 
feeding  with  thyroid  causes  them  to  increase  in  size. 

According  to  the  investigations  of  Baamann,  the 
thyroid  constantly  contains  an  iodine  substance, 
thyrolodiae  or  lodothyrin,  which  is  present  in  the 
greatest  quantity  in  old  individuals,  and  in  the 
smallest  quantity  in  veiy  young  children.  lodo- 
thyrin for  the  chief  part  is  usually  combined  in  the 
thyroid  with  an  albumin  and  a  globulin  (tody,  but  it 
may  appear  in  a  free  form.    The  ndrraal  thyroid  is 

able  to  store  up  the  extremely  small  amounts  of  iodine  brought  into  the  body  in 
vegetable  foods  or  in  the  drinking-water,  and  to  convert  it  into  the  combination  men- 
tioned above.  The  internal  administration  of  preparations  of  iodine  or  tlie  treatment  uf 
wounds  with  such  leads  to  a  greater  accumulation  of  iodine  in  the  thyroid. 

According  to  Baumann,  iodothyrin  is  the  active  element  of  the  gland.  Its  employ- 
ment in  the  treatment  of  goitres,  myxoedema,  and  strumiprival  cachexia,  etc..  has  th«> 
same  effect  as  the  feeding  with  fresh  thyroid  tissue.  It  would  appear  that  the  organ- 
ism requires  iodine  for  its  proper  maintenance,  and  that  the  thyroid  supplies  it  with  Uie 
necessary  iodine-conibination.  In  regions  where  goitres  are  juit  commonly  found 
(North  Germany),  the  thyroid  glands  are,  on  the  average,  much  smaller  (from  3(Mrt 
gm.)  ftnd^ cojatfljp jnorftindine.  (on  the  average  about  Z^  nigm.  instead  of  2  mgm.)  than  in 
regions  wTTcrc  goitres  are  numerous  (Switzerland,  South  Oermany).  WheSier  the  lack 
of  sufficient  iodine  in  the  food  and  drinking-water  is  the  cause' of  the  hypertropbied 
condition  of  the  thyroid  in  goitre,  or  whether  some  injurious  agent,  perhaps  gome 
lower  organism,  interferes  with  the  specific  function  of  the  gland,  cannot  be  said  at 
the  present  time.     Among  the  domestic  animals  having  an  especially  large  amount 


Pig.  8.— Female  cretin^  tveoty-om 
yean  old ;  bodr-lengtli  84  aa.;  iMigtii 
of  arm  30cm.;  drcuuifereDee  of  skuU. 
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of  iodine  in  the  thyroid  are  the  sheep,  the  cow,  and  the  calf,  while  in  hogs  the  iodine- 
content  of  the  gland  is  small. 

Blum  regards  the  thyroid  as  an  organ  whose  function  it  is  to  destroy  enterotoxins 
arising  from  the  decomposition  of  albumin  in  the  intestine. 

£iatomical  investigations  have  failed  to  throw  any  definite  light  upon  the  ques- 
tion of  the  internal  secretion  of  the  thyroid.  It  has  been  proved  that  the  colloid 
produced  by  the  thyroid  cells  passes  into  the  lymph-vessels.  It  is  probable  that 
iodothyrin  is  contained  in  this  colloid  substance.  During  intra-uterine  life  the  thyroid 
appears  to  be  destitute  of  its  function,  which  in  later  life  is  so  important. 

It  is  also  possible  that  Basedow's  disease  (Graves'  disease,  exophthalmic  goitre), 
which  is  characterized  by  a  pulsating  goitre,  exophthalmos,  rapid  neart,  tremor  and 
great  excitability  on  the  part  of  the  patient,  is  dependent  upon  a  disease  of  the  thyroid 
— namely,  a  hypersecretion  (hyperthyreosis).  In  support  of  this  theory  lies  the  fact 
that  the  glands  of  such  patients  are  rich  in  functionating  gland- tissue,  but  no  positive 
conclusions  concerning  this  point  can  be  drawn  at  the  present  time.  According  to 
lieebe  the  experimental  feeding  of  thyroid  glands  produces  symptoms  and  metabolic 
changes  similar  to  those  of  Basedow's  disease.  Removal  of  a  considerable  portion  of 
the  gland  will  in  many  cases  effect  a  cure;  and  the  recurrence  of  the  disease  after 
operation  is  in  most  cases  accompanied  by  a  recurrence  of  the  tumor.  Oswald  has 
shown  that  the  colloid  of  the  glands  from  cases  of  exophthalmic  goitre  is,  in  the  ma- 
jority of  cases,  deficient  in  i^ine.  He  believes  that  the  s^ptoms  are  due  to  an 
ovei^ooding  of  the  body  by  an  excess  of  a  less  potent '.  secretion.  Beebe^  Rogers,  and 
others  have  attempted  to  treat  cases  of  exophthalmic  goitre  with  a  specific  serum, 
but  it  is  yet  too  earl^  to  judge  of  the  value  of  such  treatment.  Swing  has  studied  the 
histological  changes  in  the  ^nds  of  forty  cases  of  exophthalmic  goitre,  and  believes, 
in  common  with  other  writers,  that  the  histological  findings  are  to  a  certain  extent 
E^cific.  An  extensive  cellular  hvperplasia  with  laige  areas  of  imperfectly  formed 
alveoli  interspersed  with  giant  oeUs  and  resulting  in  nearly  complete  loss  of  colloid 
appears  not  to  occur  except  in  ooimection  with  the  nervous  symptoms  of  Graves'  dis- 
ease. Some  writers  regard  the  thymus  and  parathyroids  as  associated  in  some  wa^ 
or  other  with  the  pathogenesis  of  exophthalmic  goitre,  but  no  definite  proof  of  this  is 
at  hand.  The  removal  of  the  parathyroids  in  young  camivora  is  followed  in  a  few 
days  by  symptoms  more  or  less  like  those  of  Basedow's  disease.  Thjreoprival  tetany 
has  also  been  ascribed  to  the  disease  or  removal  of  the  parathyroids.  Hoisted  has 
reported  cases  of  hypoparaihyreosis  following  removal  of  the  numan  parathyroids, 
the  symptoms  being  restlessness,  insomnia,  attacks  of  flushing,  and  numbness.  The 
feeding  of  fresh  parathyroids  caused  some  improvement.  Transplantation  of  the 
parathvroids  into  the  thyroid  and  spleen  has  been  successfully  carried  out  experi- 
nientaily. 

According  to  the  investigations  of  RogowUsch,  Stieda,  and  Hofmeister  the  ex- 
tirpation of  the  thyroid  in  rabbits  leads  to  a  hypertrophy  and  altered  structure  of  the 
hypophysis.  It  would  appear  that  the  r61e  of  the  latter  organ  in  the  animal  economy 
U  in  some  wav  correlated  with  that  of  the  thyroid.  Tumors  of  the  hypophysis  have 
been  repeatedly  observed  in  giantism  and  acromegaly. 
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g  26.  Addison's  Disease  is  a  peculiar  aifection,  usually  fatal  after  a 
course  of  atwut  two  years  ou  the  average,  and  is  very  probably  to  be 
regjirrted  as  the  result  of  •Afunctional  disturbance  of  the  suprarenals.  It  is 
characterized  chiefly  by  the  appearance  of  a  light-yellow-browu  to  dark- 
brown,  diffuse,  and  spotted  pigmentatiou  of  the  skin  (iiielamut  supra- 
rrnale),  which  shows  itself  first  in  the  portious  of  the  skin  normally 
exposed,  later  in  other  parts  of  the  body-surface  and  in  the  mucous 
membrane  of  the  month.  Even  at  the  beginning  of  tlic  disease,  or  even 
Ijefore  the  pigmentation  of  the  skin,  there  occur  loss  of  appetite,  nansea, 
pain  in  the  epigastrium,  diarrhcea,  constipation,  and  vomiting — all 
symptoms  of  a  disturbed  intestinal  and  gastric  fiiuction ;  later,  muscular 
weakness;  and  finally,  nervous  symptoms,  asthenia,  fatigue  ou  slight 
exertion,  headache,  vertigo,  fainting,  epileptiform  attacks,  and  coma. 
Occasionally  a  recognizable  increase  of  the  pigment  of  the  skin  does  not 
occur,  and  the  disease  is  characterized  only  by  the  gastro-intestinal 
symptoms,  progressive  weakness,  and  anemia. 

In  about  eighty -eight  per  cent  of  all  typical  eases  of  Addison's  dis- 
e;ise  tlie  suprareuals  are  found  to  be  diseased,  iu  the  majority  of  eases 
tk(.-ing  chaugeil  into  a  caseous  or  fibro-easeous  mass.  More  rarely  there 
are  found  tumors  in  the  adrenals  or  simple  atrophy,  agenesia,  or  hypo- 
jilasia.  There  can  scarcely  remain  any  doubt  that  the  disease  of  the 
supra rena Is  bears  a  causal  relation  to  the  symptoms  described  above; 
it  may,  therefoi-e,  be  designated  as  a  suprarenal  cachexia.  In  what  way 
the  loss  or  change  of  the  function  of  the  suprarenal  bodies  acts  injuri- 
ously upon  the  organism  cannot  at  present  be  stated.  It  is  not  improb- 
able that  the  suprarenal  bodies,  like  the  thyroid,  produce  a  substance 
which  is  necessary  for  the  preservation  of  the  organism;  or  possibly 
poisonous  8ul)stauce8  are  destroyed  by  them. 

A   normal   luncttonal  activity  of  the  adrenals  ia  necessary  to  the  inUsrity 

of  the  organism.  This  is  based  not  only  upon  clinical  observations  and  anatomical  id- 
veatigtttions  in  man,  but  also  upon  anima!  experiments.  For  example,  the  extirpation 
of  the  adrenals  in  dogs,  rabbits,  cats,  and  guinea-pigs  f;iveB  rise  to  a  lowerine  of  blood- 
pressure,  muscular  weakness,  and  nervous  symptoms,  paralysis,  coma,  and,  if  life  be 
euRiciently  prolonged,  a  loss  of  strength.  According  to  the  observations  of  different 
writers  the  adreikals  appear  to  have  an  influence  upon  the  growth  of  the  body.  In 
defective  development  of  the  adrenals  or  in  degeneration  of  these  organs  occurring  in 
early  life  an  abnormal  smallness  of  the  body  hiw  been  observed;  in  tumor  formations 
of  the  adrenals  leading  possibly  to  an  increased  functional  activity  giantism  has  been 
noted  {.Linser).  The  administration  of  adrenal  extract  causes  in  animals  an  increase 
of  blood-pressure,  slowing  of  the  pulse-rate,  increase  in  the  strength  of  muscle-contrac- 
tions after  ner^'c-stimidation,  and  a  decrease  in  respiratory  movements.  The  cause  of 
the  increase  of  blood-pressure  is  regarded  by  some  as  the  effect  of  the  extract  upon  the 
vasomotor  centre  (Seymonoun^,  by  others  as  a  direct  action  upon  the  heart  and 
the  arterial  walla  (Schdfer).  The  contraction  of  the  small  vessels  has  been  definitely 
proved. 

The  active  principle  of  the  adrenals  obtained  by  different  methods  has  been  put 
upon  the  ntarket  in  two  different  preparations,  adrenalin  and  suprarenin.  When 
injected  into  the  tissue  or  applied  to  the  mucous  membranes  in  strong  solution,  A 
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pro  mille,  they  produce  antemia  through  the  contraction  of  the  vessels  and  can  be  ui 
vith  pMd  success  in  connection  with  local  amesthetics.  In  toxic  doses  adrenalin 
produces  dyspniea.  diminished  sensibility,  lowered  reflexes,  impairment  of  voluntary 
movements,  and  finally  paralysis.  Diabetes  may  also  appear  after  the  injection  of 
tdrenal  extract.  According  to  Loeper  and  CTouzim,  a  temporary  reduction  in  the 
number  of  red  blood- eel  Is  takes  place. 

Since  anatomical  changes  in  the  adrenals  have  not  been  found  in  every  case  of 
Addison's  disease,  many  attempts  have  been  made  to  refer  the  disease  to  other  local 
changes,  particularly  to  pathological  conditions  of  the  E^rmpathetic  and  the  sympathetic 
pnglia.  But  the  anatomical  findings  offered  to  support  this  view  are  not  sufficient 
lot  such  aa  ioterpretation.    That  in  a  small  number  of  cases  the  adrenals  appear  to 
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\f*i  WtniiAngM  eauinot.  even  if  all  the  caaes  of  this  kind  were  diagDOsed  propeiij  (whidi 
Wftii  prr/fiflj/ly  not  jJwayt  the  ease;,  be  taken  as  an  aigument  against  the  patho- 
mtttitt  *iimrficuiee  of  adrenal  degeneration,  sinee  an  apparently  nonnal  adrenal  may 
f  niyfirfnate  abnonnalljr* 

A««ording  to  Ciaccio,  Wienel,  and  others,  the  active  substance  of  the  adrenals  that 
er/Titraets  tlie  blood- veasels  is  produced  by  the  ceXUs  of  the  medullanr  portion  of  the 
a/J/enal  ^tbe  cortical  portion  \a  rejpirded  as  an  organ  whose  function  it  is  to  neutralize 
Of  /levtroy  poisons),  difotnaffinir  cells  occur  auo  in  the  tissues  of  the  sympathetic 
nervous  wyiAjeaif  and  it  has  been  churned  that  in  Addison's  disease  the  destruction  of  the 
cbromaffinie  cells  plays  the  most  important  role.  On  the  other  hand,  other  writers 
(Kar/ikftMrheff)  are  of  the  opinion  that  the  disease  or  loss  of  the  cortical  substance  of 
t^ie  a/Jrenal  is  of  importance  in  the  pathogenesis  of  Addison's  disease.  Cases  of  de- 
ntnicti^m  of  the  medullary  portion  through  haemorrhage  with  subsequent  calcificatioQ 
of  the  necrotic  mass,  without  any  symptoms  of  Addison's  disease,  may  be  regarded  as 
prrxffs  favoring  this  theory. 

%  27.  Am  a  pathological  condition  due  to  the  loss  of  a  specific  glandn- 
lar  function  should  be  classed  also  those  abnormal  symptoms  in  the  struct- 
ure and  functions  of  the  body  resulting  from  castration — that  is,  the 
remi>val  from  the  body  of  the  sexual  glands.  If  the  ovaries  are  removed 
from  a  M'onian  after  the  age  of  puberty,  menstruation  usually  ceases  at 
onw,  but  mrely  only  after  some  time.  Sexual  desire  and  the  erethisju 
lurconiimnying  the  sexual  act  are  usually  diminished  in  intensity,  but  may 
almi  l)e  unchanged.  The  remaining  portions  of  the  genital  apparatus 
und(*rgo  atroi)hy ;  this  is  especially  marked  in  the  case  of  the  uterus. 
(V;rt>ain  nervous  manifestations  may  follow,  the  most  common  of  which 
are  excltciment,  with  reddening  and  heat  of  the  skin,  especially  of  the 
fiioo,  of Uni  associated  with  attacks  of  sweating ;  these  symptoms  being  of 
m<iHt  frequent  occurrence  in  the  period  immediately  following  the  cas- 
tration. The  disposition  i^emains  unchanged  or  may  become  more  cheer- 
ful, eHpecially  in  those  cases  in  which  the  woman  is  by  the  castration  re- 
lleveil  of  wn'ere  pain.  At  times  depression  or  melancholia  may  follow. 
If  the  ovari«*s  are  removed  or  destroyed  during  childhood,  the  secondary 
ftexual  eharact45rs  ait^  not  clearly  defined;  the  muscles  are  more  strongly 
developtHl,  the  development  of  the  x)elvis  is  changed,  and  the  breasts  do 
not  incrtnim^  in  size. 

(>(U4ti*ati<m  in  an  adult  male  produces  no  marked  change  in  the  bnild 
of  the  body.  On  the  other  hand,  if  boys  are  castrated,  the  build  of  the 
body  loses  in  nuiMculine  character.  There  occui'S  an  increased  deposit  of 
fat,  nartieularly  on  the  alnlomen,  while  the  musculature  is  only  feebly 
tleveloiM)d,  The  external  genitals  remain  small,  the  prostate  is  diminished 
in  Hlae»  and  theit^  is  no  growth  of  beard  or  pubic  hair.  The  larynx  re- 
mains small,  and  the  voice  is  childlike.  The  mental  powers  are  lacking 
in  energy  and  strength. 

In  oaatrated  stags,  the  antlers  are  not  developed;  in  eocks  the  combs,  wattles,  and 
ear-lobes  do  not  reach  normal  development,  while  the  feathers  are  dev^oped  to  a 
jtrt^nter  extent  {Stlheim)^  In  o^en,  the  horns  and  the  nippks  develop  to  a  greater 
t^xteut  than  iit  the  bull. 

AccorUiuff  to  White,  Kxrby,  Kummd,  Bruns,  and  others,  castration  in  fully  devel- 
oped animals  causes  a  decrease  in  the  siae  of  the  prostate;  and  it  is  said  that.  In  old  men 
sufTerinK  from  prostatic  enlancement,  castration  may  lead  to  a  diminution  in  sue  of  tbe 
enlarKeil  prostate.  Others  {Czerny,  Socin)  express  a  fees  favorable  opinion  as  to  tbe 
results  of  castration  in  such  oaseis. 

In  what  manner  the  ^xHrpation  of  the  sexwU  gkmds  affects  the  entire  body  has  not 
been  determined  with  certainty.  By  many  authors  it  is  assumed  that,  as  a  result  of 
castration,  the  trophic  influeuce  exerteil  upon  the  tissues  by  the  sexual  jrlands,  through 
the  nervous  system,  is  withdrawn.  The  cessation  of  the*  menses  may  mdeed  be  re> 
garded  as  due  to  tbe  withdmwal  of  nervous  stimuh,  and  the  atrophy  of  the  uterus  may 
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perhaps  be  dependent  upon  the  same  cause;  but  in  general  it  is  more  likely  that  cer- 
Uin  chemical  substances  (odphorin  and  spermin),  which  exert  a  certain  influence  on 
the  functions,  growth,  and  development  ot  the  bodY)  arc  formed  in  the  sexual  glands. 

According  to  the  investigations  of  Loewy  and  Richter,  after  castration  of  female 
dofi;s  there  occurs  a  lowering  of  the  oxidation-power  of  the  cells  of  the  body  and  a  de- 
crease in  the  amount  of  oxygen  used  by  about  twenty  per  cent.  According  to  Breuer 
and  v€n  SeiUeTf  the  total  mass  of  haemoglobin  and  red  blood-cells  is  diminished.  The 
administration  of  dried  ovarian  substance  or  of  odphorin  from  the  o vanes  of  the  cow 
or  ho^  to  the  animal  operated  upon  causes  an  increase  in  the  amount  of  oxygen  con- 
sumed even  greater  than  the  average  observed  before  the  castration.  Preparations 
of  testicles  showed  no  such  influence.  In  male  dogs  the  same  conditions  prevailed; 
spermin  caused  only  slight  increase  in  the  gaseous  interchange,  odphorin  gave  a  marked 
increase  (as  much  as  forty-four  per  cent). 

Zoth  and  Pregel^  who  have  carried  out  experiments  with  reference  to  the  offects  of 
glycerin  extracts  of  the  testicles  of  animals,  report  that  injections  of  this  extract 
mcreasc  very  markedly  the  power  of  muscular  contraction. 

According  to  the  mvestigations  of  Bom  and  L.  Fraenkel  the  corpus  hUeum  appears 
to  possess  an  internal  function.  On  the  one  hand,  it  is  thought  to  govern  the  metaoolism 
of  the  uterus  and  to  make  possible  the  insertion  of  the  impregnated  ovum  in  the  uterus, 
and,  on  the  other  hand,  to  excite  menstruation. 

The  thymus  has  also  been  credited  with  the  function  of  an  internal 
secretion,  and  the  condition  of  lymphatic  constitution  {congtitutiolymphatica) 
has  been  ascribed  to  disturbances  or  loss  of  this  function. 
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V.  Fever  and  Its  Sisrnificance. 

§  28.  When  a  local  organic  disease  takes  on  the  character  of  a  K^o- 
eral  disease,  or  when  a  disease  at  its  very  inception  manifests  sach  a 
character,  there  is  seen  very  frequently  a  symptom-complex  which  i:> 
designated  as  lever.  Particularly  in  the  case  of  those  infectious  diseases 
associated  with  symptoms  of  intoxication  does  the  appearance  of  fever 
during  their  course  play  an  important  r6ie.  The  ch^acteristic  sign  of 
fever  is  an  increase  of  bodily  temperature ;  but  accompanying  this  there 
are  other  symptoms,  especially  an  increase  of  the  pulse-rate^  didurbances  in 
the  distribution  of  the  bloody  changes  in  the  gaseous  itUercfiange  within  the 
lungSy  and  also  changes  in  the  urinary  secretion.     There  is  usually  also  a 
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subjective  feeliug  of  illness,  but  this  is  not  a  necessary  part  of  tiie  symp- 
toiuatology  of  fever,  but  an  especial  effect  of  an  infection  associated  with 
aymptoms  of  poisoning,  the  infection  occurring  at  the  same  time  with  the 
feverish  increase  of  temperature,  or  before  it,  or  eveu  after  it. 

Observation  of  the  normal  body  has  taught  ua  that,  in  spite  of  chaoges 
of  temperature  externally  and  also  of  changes  in  other  extrinsic  condi- 
tions, the  l>ody-temperatm-e  is  maintained  at  an  average  height  of  37.2- 
37.4°  0.  (98.96-99.32°  F.).  The  absolute  variation  between  morning  and 
evening  is  1-1.5°  C.  (1.8-2.7°  F.),  the  maximum  occurring  ateveuing. 

The  elevation  of  teuiperatnre  of  the  body  above  that  of  its  surround- 
ings is  due  to  the  fact  that  through  chemical  changes  occurring  in  the  or- 
ganism, particularly  in  the  muscles  and  glands,  heat  is  produced,  and  to 
such  an  extent  that  the  temperature  of  the  body  may  be  raised  o 
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Centigrade  (1.8°  F.)  iu  half  an  hour.  This  phenomenon  of  heat-produc- 
tion is  offset  by  one  of  beat-dispersion,  occurring  chiefly  through  the 
skin,  lungs,  and  the  excreta.  Both  heat-productiou  and  heat-dispersion 
are  under  the  influence  of  the  nervous  system,  and  through  its  regula- 
tion of  both  processes  a  constant  temperature  is  maintained. 

On  exposure  to  lower  temperatures  the  heat-production  is  increased 
(chiefly  through  the  agency  of  the  muscles),  while  heat-dispeision  is 
lessened  through  contraction  of  the  cutaneous  vessels  and  inhibition  of 
perspiration. 

On  exposure  to  higher  temperatures  heat -dispersion  is  increased 
through  increased  frequency  of  respiration,  dilatation  of  the  arteries  of 
the  skin,  and  increased  secretion  of  sweat. 

In  those  conditions  which  we  call  fever  there  is  a  dUturbattce  of  the 
regulation  of  heat-production  and  heat-ditpersion,  in  favor  of  heat-produc- 
tion, HO  that  the  temperature  of  the  body  is  more  or  leaa  elevated  abooe  the 
normal  (Figs.  9-11).  Elevations  of  temperature  (rectal  measarements) 
to  38°  C.  (100.4°  F.)  are  called  hypernormai;  from  38°  to  38.5°  C. 
(100.1r-101.3°  F.),  light  fever;  from  38.5  to  39.5°  C.  {101.3-103.1°  F.), 
moderate  fever ,-  39.6-40.5°  C.  (103.1-104.9°  F.),  marked  fever;  over 
40.5°  0.  (104.9°  F.)  (evening  temperature),  A^A  fever;  and  over  41°  C. 
{105,8°  F.),  OB  hyperpyrexia. 

Fotu'  periods  may  be  distinguished  iu  fever.  The  firsts  which  is 
known  as  the  pyrogenetic  or  Initial  stage  or  stadium  incrementi,  cor- 
responds to  that  time  during  which  the  previously  normal  temperature 
reaches  the  average  height  characteristic  of  the  disease.  Tliis  period  is 
sotnetimes  short  (Fig.  10),  half  an  hour  to  two  hours  long,  and  in  this 
caee  is  usually  accompanied  by  a  chill;  sometimes  longer  (Fig.  9),  one  to 
several  days,  and  then  usually  runs  its  course  without  a  chill,  though 
chilly  sensations  may  repeatedly  occur. 
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In  the  second  period,  knoira  as  the  fastlsium,  whose  duration  varke 
according  to  the  disease  from  a  few  bonrs  to  several  weeks,  the  tempera- 
ture reaches  one  or  several  aemt-like  highett  pointA,  between  which  there 
are  more  or  leas  marked  remissions. 

In  the  stage  of  decline  of  the  fever  or  the  defervescence  or  stadium 
dccrementl,  the  body -temperature  retnms  again  to  the  normal.  If  this 
takes  place  throogh  a  rapid  fall  of  temperatore  (Fig.  10),  it  is  called 
crisis;  if  slowly,  it  is  termed  lysis  (Fig.  9).  The  former  is  ufioally  ac- 
companied by  profuse  sweating,  and  in  a  few  hours,  or  at  most  in  one 
lo  one  and  a  half  days,  the  temperature  falls  two  or  three  degrees,  occa- 
sionally as  mach  as  five  to  six  d^r^  Centigrade.    In  lysis  the  tempera- 
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ture  falls  gradoally  for  three  to  four  or  more  days;  the  decline  may  be 
either  rontinaons  or  intermittent. 

The  bonndary-line  between  fastigiam  and  defervescence  is  not  always 
sharply  defined,  aud  before  the  latter  sets  in  there  may  occur  elevations 
of  temperature,  this  phenomenon  being  called  perturbatlo  critica.  If 
l)etween  the  fastigium  and  defervescence  there  occur  several  days  of 
uncertainty  with  striking  fluctuations  upward  or  downward,  such  period 
is  known  as  the  amphlbtrious  stage.  Occasionally  there  may  occur  a 
short  period  in  which  the  temperature  is  somewhat  lowered,  but  yet  re- 
mains high  above  the  normal,  to  sink  after  a  few  days  to  the  normal 
either  rapidly  or  by  a  gradual  decline. 

In  the  stage  of  convalescence  the  temperature  retnms  to  the  normal 
condition.  Tlie  heat-r^ulation  is  during  this  time  still  imperfect,  so 
that  often  slight  elevations  and  not  infrequently  subnormal  temperatures 
occur. 

If  during  the  course  of  a  fever  the  daily  variation  is  slight,  so  that 
the  difference  between  maximum  and  minimum  is  not  more  than  that 
under  normal  conditions,  the  fever  is  called  a  continuous  fever  (/eSrw 
eotUinva)  (Fig.  10).  If  the  differences  are  greater,  the  fever  is  termed 
subcontlnuous  (febrw  svicontinua),  remittent  fever  (/cftrw  remUtna) 
(Fig.  9),  or  intermittent  fever  (febria  intermittens)  (Fig.  11). 

In  the  last-named,  afebrile  periods  {apyrexia)  alternate  with  periods 
of  fever,  each  paroxysm  having  an  initial  period,  a  fastigium,  and  a 
defervescence.  In  the  infectious  disease  known  as  febris  recurrens  there 
1b  first  a  continuous  fever,  which  after  a  few  days  falls  by  crisis;  after 
about  a  week  or  so  a  second  rise  of  temperature  occurs,  which  may  be 
followed  by  a  second  stage  of  apyrexia,  and  this  by  a  third  period  of  fever. 

Many  diseases — snch  as  typhoid  fever,  pneumonia,  measles,  relapsing 
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fever,  etc. — are  characterized  by  a  typical  temperature-curve ;  others — 
as  pleuritis,  eudocarditis,  diphtheria,  tuberculosis,  phlegmon,  etc. — have 
no  typical  course  of  fever. 

The  elevation  of  the  body-temperature  in  fever  is  dependent  pri- 
marily on  an  iiierease  in  heat-production  through  increase  of  the  chemical 
changes  occurring  in  the  body.  The  respiratory  interchange  of  gases — the 
excretion  of  carbonic  acid  and  the  taking-up  of  oxygen — is  increased,  a 
proof  that  the  oxidation -processes  and  with  these  also  the  heat-produc- 
tion are  increased.  At  the  same  time  the  excretion  of  nitrogenous  dements 
in  the  urine  (urea,  uric  acid,  creatinin)  is  increased — on  the  average  about 
from  seventy  to  one  hundred  per  cent,  under  certain  conditions  even  as 
much  as  threefold.  There  is  also  an  increased  destruction  of  the  albu- 
minoid substances  of  the  body,  the  albumin  of  the  organs,  even  in  the 
latent  period  of  the  fever. 

The  increase  of  heat-production  varies  in  different  fevers,  but  in  gen- 
eral does  not  reach  that  degree  which  can  be  produced  by  excessive 
muscle-action  and  over- feeding  with  albumin.  It  is  at  its  highest  point 
at  the  time  of  the  initial  chill,  in  that  the  violent  muscular  contractions 
thereby  produced  may  increase  the  production  of  heat. 

The  second  cause  of  the  elevation  of  the  body-temperature  is  deficient 
heat-dispersion.  At  the  height  of  the  fever  the  patient  as  a  rule  gives 
off  more  heat  than  the  normal  individual,  but  this  dispersion  is  not  suffi- 
cient to  offset  the  excessive  heat-production.  Heat-production  is  con- 
stantly increased ;  heat-dispersion  is  irregular. 

In  the  initial  stage  the  cutaneous  vessels  are  contracted  as  a  result  of 
stimulation  of  the  vasomotors,  the  skin  is  pale,  the  heat-dispersion 
slight,  under  certain  conditions  even  less  than  normal. 

Chills  occur  when,  through  the  contraction  of  the  peripheral  arteries, 
the  supply  of  blood,  and  consequently  the  heat-supply,  to  the  cutaneous 
nerves  is  suddenly  diminished,  while  in  the  interior  of  the  body  the  tem- 
X)erature  is  rising. 

In  the  second  stage  of  fever  the  skin  is  often  hot  and  reddened,  and 
in  certain  diseases  sweating  occurs;  but  the  increased  heat-disx)ersion 
thereby  produced  is  not  sufficient  to "  lower  the  temperature  to  the  nor- 
mal. The  increased  excitability  of  the  vasomotors  or  the  deficient  irri- 
tability of  the  vaso-dilators  is  also  present  during  this  period,  and  as  a 
result  the  skin-temperature,  as  well  as  the  heat-dispersion,  varies  greatly. 
The  skin  is  at  times  pale  and  cold,  at  other  times  red  and  hot,  and  the 
hands  may  be  cold  while  the  trunk  is  hot.  The  centres  governing  heat- 
dispersion  are  therefore  acting  faultily. 

In  the  period  of  defervescence  the  relations  of  heat-dispersion  and 
heat-production  are  changed  in  favor  of  the  former.  The  cutaneous  ves- 
sels become  dilated,  the  skin  gives  out  a  great  amount  of  heat  from  the 
abundance  of  blood  circulating  through  it,  and  when  the  critical  fall  of 
the  fever  occurs  there  is  usually  profuse  sweating. 

The  cause  of  fever  is  not  known  with  certainty,  yet  this  much  can  be 
said,  that  fever  is  most  frequently  the  resvU  of  the  entrance  of  a  hamifvt 
agent  into  the  fluids  of  the  body.  In  many  cases  this  harmful  agent  arises 
demonstrably  from  a  local  focus — for  example^  from  erysii)elatous  and 
phlegmonous  inflammations  of  the  skin.  Experimentally,  fever  may  be 
produced  by  very  different  procedures — for  example,  through  the  infu- 
sion into  the  vessels  of  an  animal  of  blood  from  one  of  another  species, 
through  the  injection  of  animal  or  vegetable  substances  that  are  begin- 
ning to  decompose,  and  through  numerous  infections.     In  man,  the  infec- 
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turns  diseases,  which  are  regarded  as  due  to  specific  micro-organisms  mul- 
tiplying in  the  body,  are  in  particular  characterized  by  fever. 

It  is  probable  that  the  parasites  multiplying  within  the  body  cause  an 
increased  tissue-destruction,  either  directly  or  through  the  production  of 
unformed  ferments,  and  that  at  the  same  time  substances  are  produced 
which  act  os  poisons  npon  the  central  nervous  system.  The  action  of  the 
latter  may  be  assumed  to  be  of  such  a  nature  that,  on  one  side,  the 
activity  of  the  muscles  and  glands,  and  consequently  the  heat-producing 
metabolism,  are  Increased ;  while,  on  the  other  hand,  through  the  dimin- 
ished and  disturbed  functions  of  the  nerves  governing  sweating,  as  well 
as  of  the  vasomotors,  the  processes  of  heat-dispersion  fall  behind  those 
of  heat-production.  Further,  though  the  organism  makes  an  effort  to 
regulate  the  temperature,  it  is  no  longer  able  to  maintain  it  at  the  nor- 
mal level,  because  of  the  disturbances  of  the  regulating  japparatus. 
What  share  in  the  increase  of  body-temperature  is  due  to  the  direct  ac- 
tion of  bacteria  and  of  the  ferments  formed  by  them,  or  what  share  is 
due  to  the  increase  of  metabolism,  through  the  stimulation  of  the  nerves 
as  well  as  by  disturbance  of  heat-dispersion,  cannot  at  present  be  deter- 
mined. It  is,  however,  certain  that  the  factors  vary  in  different  cases. 
That  under  certain  conditions,  changes  in  the  nervous  system  without 
contamination  of  the  tissue- juices  are  in  themselves  sufficient  to  cause  a 
feverish  increase  of  temperature,  is  shown  by  the  fact  that  fever  may 
occur  in  epileptic  attacks,  in  the  periods  of  excitation  occurring  in  the 
course  of  progressive  paralysis,  after  severe  frights,  after  the  passage  of 
a  catheter  into  the  bladder,  etc.  According  to  the  investigations  of 
Eichet,  Aronsohn,  and  Sachs,  a  marked  increase  in  body-temperature 
with  increase  of  the  respiratory  interchanges  of  gases  and  increased  ex- 
cretion of  nitrogen  (Aronsohn  and  Sachs)  may  be  produced  in  animals 
by  a  puncture  which  passes  through  the  cerebral  cortex  and  strikes  the 
corpus  striatum.  The  same  phenomenon  may  be  produced  also  by  elec- 
tncal  stimulation  (Aronsohn,  Sachs)  of  the  same  portion  of  the  brain. 
Nevertheless,  fevers  dependent  upon  nervous  disturbance  are  rare,  and 
are  overshadowed  in  importance  by  those  caused  by  infection. 

The  rise  of  temperature  in  fever  is  usually  accompanied  by  an  In- 
crease in  the  frequency  of  the  pulse-rate ;  but  in  some  cases  this  effect 
of  the  elevation  of  temperature  may  be  so  greatly  modified  through 
stimulation  of  the  vagus — as,  for  example,  in  basilar  meningitis — ^that 
the  pulse-rate  may  be  lowered.  The  pulse  is  at  one  time  full  and  bound- 
ing, at  another  time  small  because  of  weakened  contractions  of  the  heart* 

The  impairment  of  the  contractions  of  the  heart-muscle  is  dependent 
partly  upon  the  constant  high  temperature,  partly  upon  poisonous  sub- 
stances, which  are  produced  by  the  morbid  processes  peculiar  to  the  es- 
pecial disease,  and  which  exert  a  harmful  influence  upon  the  muscle- 
substance  of  the  heart  or  upon  the  nervous  system. 

In  diseases  accompanied  by  fever  there  is  usually  a  marked  sensation 
of  illness  with  a  heavy  feeling  in  the  head.  In  severe  fevers  there  occur 
clouding  of  consciousness,  symptoms  of  excitation  and  depression,  hal- 
lucinations, delirium,  apathy,  involuntary  evacuations,  tremors  of  the 
hands,  convulsions  (in  children),  etc.  The  muscles  of  the  body  become 
weak  and  not  infrequently  painful.  Digestion  is  decidedly  impaired; 
the  appetite  for  food  is  slight,  but  on  the  contrary  there  is  great  thirst; 
the  mouth  is  dry.  There  is  an  increased  frequency  of  respiration ;  after 
the  appearance  of  muscular  weakness  the  respii*atory  movements  are 
superficial.     The  excretion  of  urine  is  usually  diminished ;  the  amount 
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of  urea  in  the  uriiie  is  increased,  while  that  of  sodium  chloride  is  dimin- 
ished. 

In  prolonged  fevers  there  is  marked  wasting  of  the  body,  in  that  a 
large  portion  of  the  albuminous  material  and  fat  of  the  body  is  de- 
stroyed. 

To  what  extent  these  symptoms  in  individual  cases  are  dependent 
upon  the  increase  of  temperature  or  to  what  extent  upon  the  damage  to 
the  organism  caused  by  the  specific  morbid  process,  it  is  difficult  to  say, 
but  the  marked  effects  upon  the  nervous  system  must  for  the  greater 
part  be  r^arded  as  a  residt  of  the  infection  and  intoxication. 

Death  results  most  often  from  cardiac  insufficiency,  but  it  may  be 
brought  about  also  by  the  severity  of  the  infection  and  the  intoxication, 
bv  the  wasting  of  the  strength^-as  well  as  by- an -excessive  eleva^n  of 
temperature  to  43°,  44°,  or  45°  C.  (i09.4°,  111.2°,  and  113°  ¥.).  It 
should,  however,  be  remarked  that  under  certain  ccmditions  very  high 
temperatures  may  be  borne  for  a  length  of  time  without  fatal  results, 
and  that  the  death  following  very  high  temperatures  cannot  l)e  ascribed 
to  the  abnormal  temperature  alone,  but  is  rather  to  be  regarded  in  part 
or  wholly  as  the  result  of  the  infection  (see  §  3). 

The  questions  concerning  the  nature  of  fever,  which  GaUn  designated  as  Color 
prater  naturam,  have  been  mucli  advanced  during  the  last  decades  by  numerous  clin- 
ical and  experimental  investigations.  From  these  we  have  learned  of  the  associated 
disturbances  of  metabolism,  tbe  increased  consumption  of  oxygen,  the  increased  excre- 
tion of  nitrogen  and  carbon  compounds,  as  well  as  of  the  disturbances  of  the  heat-dis- 
persion. If  we,  in  spite  of  this  knowledge,  do  not  yet  possess  a  full  understanding  of 
all  the  morbid  processes  which  in  a  given  case  may  cause  fever,  we  may  attribute  this 
to  the  fact  that  the  causa  efficiens  of  fever  is  not  a  single  entity,  but  may  be  one  of 
many  different  factors,  and  that  the  feverish  elevation  of  the  body  temperature  does 
not  always  occur  in  exactly  the  same  manner.  The  increase  of  the  tissue-changes  and 
oxidation-processes  within  the  body  is  not  always  brought  about  in  the  same  way. 
Further,  the  disturbance  of  heat-dispei*sion  through  radiation  from  the  skin  and  the 
evaporation  of  water  is  not  always  the  same,  but  changes,  not  only  in  the  course  of  one 
febrile  disease,  but  also  in  different  forms  of  fever.  Correspondingly,  the  rOle  played 
by  the  nervous  system  in  the  occurrence  of  the  feverish  increase  of  temperature  is  not 
the  same  in  every  case.  According  to  Aronaon,  the  essential  feature  of  fever  Is  a 
pathological  increased  stimulation  of  the  heat-centres  whereby  the  motor-trophic  ap- 
paratus of  the  body  muscles  is  excited  to  an  increased  production  of  heat  and  to  changes 
io  the  heat-dispersion.  The  different  types  of  fever  are  determined  by  the  different 
kinds  of  stimuli,  which  in  the  infectious  diseases  are  especially  manifold.  The  founda- 
tion type  is  an  elevation  of  the  body-temperature  in  the  absence  of  any  other  disease  of 
the  body,  and  caused  solely  by  a  direct  mechanical,  electrical,  or  chemical  stimulation  of 
the  heat-centre.  According  to  Senator^  there  is,  in  fevers,  no  harmony  between  the 
regulation  of  beat  and  metabolism ;  and  we  must  therefore  assume  that  heat  is  developed 
through  other  processes  than  those  leading  to  the  production  of  urea  and  carbonic  acid. 
Acconling  to  llerz,  heat  is  set  free  by  the  clianges  in  the  arrangement  of  the  molecules 
of  the  celT-protoplasni,  which  occur  in  many  of  the  cells  in  fever  patients,  and  which 
lead  to  the  destruction  of  protoplasm.  Further,  heat  may  be  liberated  by  processes  of 
swelling  and  coagulation  of  the  protoplasm,  while  at  the  same  time  the  diminished  ac- 
tivity of  the  regenerative  processes  in  fever  occasions  a  loss  in  the  storing-up  of  latent 
heat.  On  the  other  hand,  Krehl  and  MatUie$  arc  of  the  opinion  that  oxidation  forms 
the  sole  source  of  heat. 
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CHAPTER  III. 

The  Protective  and  Healins:  Forces  of  the  Human 
Body.    The  Acquiring  of  Immunity. 

L  The  Natural   Protective  Contrivances*    Protective    Forces*    and 
Heaiins:  Powers  of  the  Human  Organism,  and  their  Action. 

§  29.  The  haman  organism  is  not  entirely  defenceless  against  the 
many  harmful  influences  to  which  men  during  the  course  of  their  lives 
are  exposed.  It  possesses  various  protective  contrivances  and  pro- 
tective forces,  by  which  it  is  able  in  many  cases  to  ward  off  the  injuri- 
Otis  agent,  or  at  least  rapidly  to  counteract  its  harmful  influence,  so  that 
a  disease  may  be  either  wholly  prevented  or  conflned  to  a  slight  local 
lesion  of  much  less  severity  than  the  disease  usually  produced  by  the 
particular  injurious  agent.  As  the  mode  of  action  of  different  injurious 
influences  varies  greatly,  so  does  the  manner  of  defence  likewise  vary 
greatly.  The  protective  forces  may  act  at  very  different  times — ^that  is, 
sometimes  even  before  the  tissues  have  been  damaged,  at  other  times 
after  the  injurious  action  has  reached  a  certain  stage,  and  threatens, 
either  through  direct  extension  or  through  metastasis,  or  through  poison- 
ing of  the  body-fluids,  or  through  disturbance  of  function,  to  spread 
farther  through  the  body. 

When  the  environment  of  the  body  becomes  relatively  cold  or  rela- 
tively warm,  those  reguUxting  functions  are  brought  into  play  through 
which  the  organism  can  increase  or  diminish  heat-production  and  heat-dis- 
persion,  and  in  this  manner  protect  itself  within  certain  limits  against 
the  influence  of  the  external  temperature.  If  these  regulating  functions 
are  imperfectly  performed,  as  in  consequence  of  alcoholic  intoxication, 
the  individual  may  more  easily  die  from  the  effects  of  cold  than  when 
under  normal  conditions. 

We  cannot  sx>eak  of  sx>ecial  protecting  contrivances  against  gross 
mechanioal  influences  /  yet  it  is  to  be  noted  that  the  tissues  by  virtue  of 
their  physical  properties  are  fitted  to  offer  resistance  to  numerous  forms 
of  traumatism  without  receiving  injury.  If  small,  firm  bodies,  such  as 
dust-particles,  reach  the  mucous  membrane  of  the  respiratory  or  intes- 
tinal tracts,  the  epiihdium  forms  a  protective  barrier  against  their  en- 
trance into  the  tissue-spaces.  Further,  if  ciliated  epithelium  is  present, 
the  dust-particles  may  be  carried  away  by  the  movements  of  the  eUia,  or 
they  may  become  surrounded  by  the  mucus  produced  by  the  epithelium 
and  mucous  glands,  and  in  this  way  are  transported  out  of  the  body. 

Not  infrequently  there  appear  cells  on  the  surface  of  the  mucous 
membrane  which  encompass  the  dust-particles,  and,  taking  these  up  into 
their  substance,  are  carried  away  with  the  secretion  of  the  mucous  mem- 
brane. This  phenomenon,  known  as  phagocytoslSy  is  observed  on  the 
mucous  membranes  of  the  pharynx  and  respiratory  tract  and  in  the 
alveoli  of  the  lungs.  The  active  agents  participating  in  it  are  not  only 
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the  wandering-oells  which  pass  from  the  tissaes  to  the  surface,  and  are 
derived  chiefly  from  the  blood-vessels  and  also  from  the  nodes  of 
lymphadenoid  tissue  in  the  mucous  membrane,  but  epittielial  cells  as 
well.  The  peculiar  phenomenon  of  phagocytosis  depends  upon  the  fact 
that  the  cells  can,  by  movements  of  their  protoplasm,  take  up  little  par- 
ticles, which,  like  insoluble  dust,  exert  no  harmful  influence  upon  the 
cell-protoplasm.  If  these  cells  laden  with  dust  pass  outside  of  the  body, 
the  taking-up  of  the  dust  by  the  cells  appears  to  be  a  useful  activity 
which  aidi  in  the  cleansing  of  the  organs  from  dust.  If  the  dust-ladeo 
cells,  on  the  other  hand,  as  happens  particularly  in  the  lungs,  pass  into 
the  lymph-channels  and  are  dei>08ited  along  their  walls  or  are  carried  to 
the  lymph-glands^that  is,  if  a  metastasis  of  the  dust-oontaining  cells 
into  the  internal  organs  takes  place — the  taking-up  of  dust  by  these  cells 
appears  in  a  less  favorable  light ;  and  we  can  regard  this  act  as  a  usefnl 
phenomenon  only  through  the  consideration  that  the  infiltration  of  the 
pulmonary  connective  tissue  and  lymph-glands  with  dust  is  less  harmful 
than  the  dex>osit  of  dust  on  the  inner  surface  of  the  alveoli. 

When  dust-particles,  free  or  enclosed  in  cells,  reach  the  lymph-glands, 
they  are  arrested  and  deposited  in  the  cells  of  tiiese  glands,  so  that  the 
lymph-glands  may  be  regarded  as  trustworthy  fitters,  which  guard  the 
blood  and  the  internal  organs  from  the  entrance  of  dust. 

Against  the  action  of  poisons  the  human  body  is  able  to  protect  itself 
in  various  ways.  In  the  case  of  corrosive  poisons  the  homy  layer  of  the 
epidermis  and  the  mucus  of  the  mucous  membranes  offer  a  certain  pro- 
tection ;  and  under  certain  conditions  a  marked  increase  in  the  produc- 
tion of  mucus — in  the  stomach,  for  example — may  greatly  diminish 
the  harmful  effects  of  a  corrosive  fluid.  Through  a  transudation  of  fluid 
from  the  blood-vessels  on  to  the  surface  of  the  mucous  membrane  a 
caustic  fluid  may  be  so  diluted  as  to  modify  its  action.  On  the  other 
hand,  the  injurious  substance  may  be  thus  spread  over  a  greater  surface, 
and  thereby  cause  a  more  widespread  damage  to  the  tissue. 

On  many  poisons,  abrin,  ricin,  the  toxins  of  cholera,  tetanus,  and 
diphtheria,  and  snake- venom,  the  digestive  juices  have  such  an  influence 
that  doses  invariably  fatal  when  injected  under  the  skin  may  be  borne 
with  impunity  when  taken  by  the  mouth.  According  to  Bansom, 
guinea-pigs  are  able  to  withstand,  when  administered  by  the  mouth,  an 
amount  of  tetanotoxin  equivalent  to  three  hundred  thousand  times  the 
minimal  fatal  dose.  According  to  Nencki  and  others,  this  neutrtdization 
of  the  poison  is  produced  by  the  digestive  enzymes,  at  one  time  chiefly  through 
the  pepsin,  at  another  time  through  the  trypsin  and  the  mixture  of  the 
pancreatic  juice  with  the  bile.  It  is  probable  (Nencki)  that  the  digest- 
ive enzymes  cause  a  slight  change  in  tiie  molecules  of  the  toxin,  similar 
to  the  change  of  albumin  into  albumose ;  and  the  products  arising  from 
the  toxins  may  accordingly  be  termed  toxoses  or  toxoids.  The  intestinal 
enzymes  have  no  neutralizing  influence  in  the  case  of  sauss^-,  meat-, 
flsh-,  bean-,  pea-,  etc.,  poisoning  produced  by  the  J^a^^iM  botuUnus;  and, 
therefore,  after  the  eating  of  such  infected  foods  severe  and  fatal  intoxi- 
cations may  occur. 

In  the  case  of  those  poisons  which  after  their  entrance  into  the  bodv- 
juices  act  injuriously  upon  the  blood  or  the  nervous  system,  a  favorable 
counter-action  on  the  part  of  the  organism  may  be  given  partly  by  a 
rapid  excretion  of  the  poison  through  the  kidneys,  liver,  intestine,  pan- 
creas, salivary  glands,  mammary  glands,  sweat  glands,  and  longs ;  i>artly 
through  their  transformation  into  conHnnations  soluble  with  difficulty,  which 
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are  thus  stored  up  in  diflferent  organs  (liver),  and  partly  through  a  change 
of  the  poisons  into  combinations  that  are  relatively  harmless  and  easily  soluble, 
which  are  then  taken  up  into  the  circulation  and  excreted,  and  partly 
through  a  chemical  change  of  the  poison. 

Of  natural  immunity  against  poisons  or  natural  resistance  to  poisons  we 
know  but  little  at  present,  yet  there  is  no  doubt  that  mauy  poisons  are 
poisonous  only  for  certain  organisms,  and  it  is  probable  that  man  is  re- 
sistant to  many  poisons  which  are  injurious  to  certain  animals.  The 
same  thing  holds  true  especially  of  the  toxins  (§  11),  such  as  are  formed 
by  bacteria  or  by  higher  animals  (snakes)  and  plants  (ricin  and  abrin). 
If  we  consider  that  many  animals  are  only  slightly  or  not  at  all  suscepti- 
ble to  poisons  which  have  marked  action  ui>on  the  human  body — for 
example,  the  hedgehog  is  immune  or  resistant  to  cantharidin  and  the  bite 
of  x>oisonous  snakes  respectively;  birds  are  immune  against  atropine  and 
opium ;  goats  against  lead  and  nicotine ;  while  dogs,  rats,  or  other  ani- 
mals used  for  experiment  show  a  disproportionately  greater  resistance  to 
bacterial  poisons  or  plant-alkaloids  than  does  man— -so  it  is  very  prob- 
able that  the  reverse  is  also  true.  The  natural  immunity  of  man  against 
many  of  the  infectious  diseases  of  animals  must  depend  upon  a  resistance 
to  the  toxins  produced  by  the  particular  bacteria.  According  to 
Ehrlich,  this  resistance  to  poisons  may  be  explained  by  the  theory  that 
the  particular  toxin  possesses  no  chemical  relationship  to  any  one  of  the 
body  elements.  A  relative  immunity  may  therefore  depend  upon  the 
fact  that  the  healthy  individual  possesses  already  a  certain  amount  of 
antitoxin  (for  example,  against  diphtheria  toxin). 

Fromm  has  recently  briefly  summarized  our  knowledge  concerning  the  chemical 
vratedive  resources  of  the  animal  body  in  intoxications.  Inorganic  poisons  are  rendered 
harmless  chiefly  by  three  kinds  of  chemical  action — oxidation^  reduction,  and  combina- 
tion with  a  protective  bod^  with  liberation  of  water.  Phosphates  and  sulphides  are 
oxidized  so  that  phosphoric  acid  and  sulphuric  acid  arise  which  are  neutralized  and 
excreted.  The  iodates  and  chlorates  are  changed  into  the  easily  soluble  and  less 
poisonous  iodides  and  chlorides  which  are  then  excreted.  The  metallic  salts  and 
metaUic  oxides  are  converted  into  albuminates  (the  salt-like  combination  of  metallic 
oxide  and  albumin)  or  into  sulphides.  Inorganic  acids  are  combined  through  alkalies 
and  changed  into  less  poisonous  salts. 

Organic  poisons  are  transformed  into  non-poisonous  substances  through  oxida- 
tion, reduction,  the  liberation  or  the  taking  up  of  water.  Often  several  reactions  follow 
one  another;  usually  the  product  arising  through  oxidation  or  reduction  is  combined 
to  one  or  more  other  substances  with  the  liberation  of  water.  Such  protective  sub- 
stances are  represented  particularly  by  the  sulphates  arising  through  the  disintegra- 
tion and  oxidation  of  albumin,  bv  glycocoll  arising  in  the  breaking  down  of  albumin, 
glycuronic  acid  arising  through  the  oxidation  of  the  carbohydrates,  and  perhaps  also 
urea. 

Poisonous  acids  of  the  fat  series  are  oxidized  to  carbonic  acid  and  water.  Phenol 
and  those  bodies  which  through  oxidation  pass  directly  into  phenol  are  through  a 
combination  with  sulphuric  acid  made  soluble,  harmless,  and  capable  of  being  excreted; 
for  example,  phenol  is  excreted  as  potassimn-phenol-sulphate;  benzoic  acid  and  its 
oxidation  products  and  tl^ose  substances  that  are  transformed  directly  into  benzoic 
acid  or  their  derivatives  are  combined  by  glycocoll;  trimethyl  carbinol,  naphthol,  and 
chloral  hydrate  appear  in  the  urine  combined  with  glycuronic  acid,  chloral  hydrate 
after  its  transformation  into  trichlorethyl  alcohol. 
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§  30.  Against  the  infections  and  intoxications  caused  by  parasites 

the  human  orgauinm  possesses  various  protective  contrivances  aod 
powers  of  defence ;  and  these  play  a  very  important  role  in  the  disca^> 
caused  by  bacteria.  In  the  first  place,  man  possesses  a  natural  immu- 
nity against  many  of  the  micro-oi'ganisms  pathogenic  for  animals  (for 
example,  swine  plague,  swine-erysipelas,  cattle-plague,  symptomatic 
anthrax),  so  that  the  given  micro-organisms  are  not  able  to  reprodiue 
within  the  body,  either  because  they  do  not  find  in  human  tissues  the 
necessary  conditions  of  life,  or  because  the  presence  of  certain  chemically 
active  substances  hinders  their  increase  or  kills  them  directly.  Further, 
immunity  may  also  rest  upon  the  simple  fact  that  the  poisons  produced 
by  given  bacteria  in  a  given  organism  are  inactive  because  no  chemical 
affinity  or  relationship  exists  between  the  poisons  and  any  one  of  the 
body  elements.  For  tlie  protection  of  tlie  i>ody  as^ainst  tlie  pathogenic 
micro-organisms  tliere  are  available  certain  protective  forces,  which, 
according  to  their  action,  may  be  divided  into  four  groups:  the  first  hin- 
dering the  entrance  of  bacteria  into  the  tissues ;  the  second  hiudering 
the  unlimited  local  spread  of  those  bacteria  which  have  gained  entrance 
and  have  begun  to  multiply ;  the  third  preventing  the  entrance  of  bac- 
teria into  the  blood  and  their  metastasis;  the  fourth  hindering  intoxica- 
tion, or  at  least  weakening  it,  and  reducing  it  to  a  low  d^ree. 

For  the  prevention  of  the  entrance  of  pathogenic  bacteria  into  the 
tissues  the  same  properties  of  tissues  are  effective  as  those  hindering  the 
entrance  of  dust;  and  in  such  CB>^SLCity  the  protective  epUJieliumandthe 
mucus  play  a  very  important  r61e.  In  the  respiratory  tract  the  more- 
ments  of  the  ciliated  epithelium  also  furnish  protection,  and  in  tlie  stomach 
the  poisonous  actum  of  the  gastric  juice  upon  many  pathogenic  bacteria  is 
an  efficient  means  of  defence.  There  can  be  no  doubt  that  many  patho- 
genic bacteria  are  not  able  to  penetrate  into  the  tissues,  not  only  through 
tiie  uninjured  external  skin,  but  also  through  an  unwounded  macons 
membrane,  without  some  assistance  favoring  colonization  and  reprodac- 
tion»  and  that  the  stomach  secretion  not  infrequently  hinders  the  activity 
of  the  bacteria  (pneumococcus,  cholera  spirillum),  or  even  kills  them. 

It  appears  also  that  the  mucus  seci^ted  by  the  mucous  membranes  not 
only  can  envelop  the  bacteria,  hinder  their  entrance  into  the  tissue,  and 
favor  their  removal,  but  that — what  is  of  much  greater  importance— the 
mucus  acts  upon  the  bacteria,  causing  them  to  degenerate,  either  in  that 
it  contains  substances  which  are  injurious  to  the  bacteria  or  in  that  it 
offers  an  unfavorable  medium  for  the  growth  of  the  bacteria.  In  this 
way,  according  to  Sanarelli  and  Dittrich,  pus-cocci,  cholera-spirilla,  and 
pneumococci  gradually  lose  their  virulence  and  die  in  the  mucus  of  the 
mouth-cavity,  while  diphtheria-bacilli  and  tubercle-bacilli  apparently 
are  not  injured  by  mucus.  In  the  secretions  of  the  vagina  and  uterns, 
various  kinds  of  bacteria  likewise  soon  die. 

In  the  intestine  the  bacteria,  normally  present  there  (B.  coli  commnnis. 
B.  lactis  aerogenes)  afford  an  effective  protection  against  the  multiplication 
.of  any  pathogenic  bacteria  that  may  happen  to  be  present ;  for  example, 
against  diphtheria  and  tetanus  bacilli  and  against  cholera-spirilla,  while, 
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on  the  other  hand,  the  development  of  gtaphylococei  and  streptococci 
does  not  appear  to  be  hindered  by  them. 

Not  every  pathogenic  organism,  therefore,  which  gains  a  foothold 
upon  the  skin  or  upon  any  of  the  accessible  macous  membranes  or  gains 
entrance  into  the  intestines  or  the  lungs  produces  an  infection.  It  has 
been  shown  through  repeated  investigations  that  in  normal  individuals 
there  not  infrequently  occur  in  the  upper  respiratory  passages  and  mouth- 
cavity  not  only  harmless  bacteria — i.e.,  those  which  cannot  reproduce  in 
human  tissues — but  also  those  which  can  undoubtedly  produce  dise^ise, 
as,  for  example,  cocci  which  cause  suppuration  or  those  which  are  able 
to  cause  croupous  inflammation  of  the  lung.  It  must,  therefore,  be 
jH^nted  that  bacteria  which  are  found  upon  the  mucous  membranes  and 
have  perhaps  multiplied  there  often  die  and  are  carried  away  without 
ha\ing  produced  infection.  This  occurs  especially  in  the  c;ise  of  the 
cocci  above  mentioned,  and  tubercle-bacilli,  as  well  as  in  the  case  of 
cholera-spirilla  which  suffer  when  brought  into  contact  with  the  acid 
secretions  of  the  stomach.  Finally,  it  may  also  be  assumed  that  of  the 
pathogenic  bacteria  entering  the  alveoli  of  the  lung  in  the  inspired  air, 
many  do  not  reproduce,  but  die. 

When  bacteria  have  succeeded  in  gaining  entrance  locally  and 
have  begun  to  multiply — no  matter  whether  they  have  passed  through 
the  epithelium  without  the  aid  of  any  other  influence  (typhoid-bacilli, 
cholera-spirilla),  or  whether  they  have  passed  into  the  connective  tissues 
through  the  medium  of  small  wounds  (tetanus-bacilli,  pus-cocci,  tubercle- 
bacilli) — if  they  produce  further  effects  either  through  local  destruction 
of  tissue  or  through  the  poisoning  of  the  fluids  of  the  body,  there  may 
be  brought  into  action  on  the  part  of  the  body  certain  counter-influences 
ichich  either  hinder  the  further  devehpment  of  the  bacteria  or  tceaken  or  even 
compktdy  destroy  the  poisons  produced  by  them.  The  first-named  restraining 
influence  must  naturally  depend  upon  local  conditions,  either  upon  vital 
tissue-processes  or  upon  the  effects  of  chemical  substances. 

As  previously  mentioned,  the  development  of  bacterial  colonies  gives 
rise  to  local  tissue-degenerations,  inflammation,  and  tissue-proliferations 
—all  of  which  are  processes  in  which  the  amount  and  composition  of  the 
fluids  found  in  the  affected  region,  as  well  as  the  cells  themselves,  are 
changed.  Since  in  some  of  these  cases  a  destruction  of  the  bacteria  has 
been  observed,  and  the  infection  not  infrequently  comes  to  an  end 
through  the  complete  disappearance  of  the  bacteria,  the  death  of  the 
latter  must  be  re^urded  as  dependent  upon  local  conditions. 

Many  writers  ascribe  the  prevention  of  the  further  spread  of  the 
infection  and  the  destruction  of  the  bacteria*  in  local  foci  of  growth,  to 
the  activity  of  cells  which  collect  at  the  seat  of  infection  and  take  up  the 
bacteria  into  their  protoplasm — that  is,  to  phagocytosis  is  ascribed  the 
most  important  r61e  in  the  protection  of  tiie  body  against  bacterial  in- 
vasion*  According  to  Metschnikoff  and  others,  the  amoeboid  cells  of  the 
body  carry  on  a  fight  against  the  foreign  invaders  and  endeavor  to  over- 
come them  and  destroy  them.  Such  a  characterization  of  the  phenomena 
of  phagocytosis  is  not  supported  by  the  actual  facts,  and  can  be  regarded 
only  as  a  i>oetical  manner  of  expression  by  which  consciousness  and  will- 
power are  attributed  to  the  amoeboid  cells  of  the  body  (the  leucocytes 
and  the  proliferating  tissue-cells) — which  attributes  it  is  evident  do  not 
exist.  Scientifically  considered,  the  gathering  of  the  cells  at  the  infected 
focus  and  the  resulting  phagocytosis  represent  simply  an  expression  of 
certain  processes  which  are  natural  to  the  amoeboid  cells,  and  which  are 
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dependent  upon  the  fact  that  the  cells  under  the  influence  of  mechanical, 
chemical,  and  thermal  influences  iierform  certain  definite  movements. 
We  know  through  numerous  investigations  that  the  motile  cells  of  the 
body  are  in  part  attracted,  in  part  repelled  or  paralyzed  by  means  of 
chemical  substances  in  certain  concentrations  of  solution  (see  the  Chapter 
on  Inflammation) ;  and,  further,  that  contact  with  hard  bodies  can  stim- 
ulate them  to  the  sending-out  of  protoplasmic  processes. 

Such  phenomena  are  designated  as  negative  and  positive  chemo- 
tropismus  or  ctiemotaxis  and  as  tactile  irritability.  We  must  assume 
that  the  bacteria  multiplying  within  the  tissues  act  upon  the  amoeboid 
cells  through  the  chemical  substances  which  they  produce,  sometimes  re- 
I)elling  or  parsJyzing,  sometimes  attracting,  in  the  latter  case  affording 
conditions  favorable  for  phagocytosis.  The  bacterial  proteins  arising 
from  the  bodies  of  dead  or  dying  bacteria  and  passing  over  into  solution 
in  the  body  juices  have,  in  particular,  a  positive  chemotactic  action  upon 
the  phagocytes. 

The  resuU  of  Hve  taJdvig-up  of  ha/ieria  into  ceUs  depends  in  a  particnlar 
case  partly  upon  the  properties  of  the  devouring  cells,  partly  upon  the 
properties  of  the  microparasites,  and  can  result  as  well  in  the  death  and 
dissolution  of  the  parasite,  as  in  the  death  of  the  cells;  or  in  a  symbiosLs 
of  the  cells  with  the  parasites,  the  latter  living  within  the  cells  un- 
changed and  giving  rise  to  no  disturbance.  In  the  first-named  case  the 
phagocytosis  may  be  regarded  as  a  curative  process  which  hinders  the 
multiplication  and  spread  of  the  bacteria.  In  the  second  and  tiiird 
cases,  on  the  contrary,  the  phenomenon  is  useless  for  the  prevention  of 
the  spread  of  the  parasites ;  indeed,  there  are  cases  (leprosy  and  to  some 
extent  also  tuberculosis)  in  which  the  parasites  find  favorable  conditions 
for  development  inside  of  the  cells,  increase  within  them,  and  finally 
ea-use  their  destruction.  If  the  cells  containing  bacteria  remain  pre- 
served for  a  length  of  time,  they  may  wander  with  the  enclosed  bactena 
to  other  parts  of  the  body,  in  this  way  effecting  a  metastasis. 

PhagocyUma  is  therefore  only  of  slight  significance  as  a  protective  force^ 
a  certain  number  of  cases  ;  yet  it  cannot  be  doubted  that  the  phagocytes  in 
certain  infections  take  up,  not  only  dead  or  dying,  but  also  living  bac- 
teria not  yet  injured  by  other  agents,  and  can  cause  their  death.  The 
collection  of  great  numbers  of  cells  in  the  infected  tissue  may,  through 
the  dose  packing  of  the  lymphatics^  offer  a  certain  mechanical  hindrance  to 
the  spread  of  bapteria,  yet  the  protection  so  afforded  is  frequently  in- 
sufficient. 

If  bacteria,  either  free  or  enclosed  in  cells,  pass  from  the  lymph-ves- 
sels into  the  lympli-giands,  the  latter  act  as  filters,  as  in  the  case  of 
dust,  and  retain  the  bacteria;  but  the  protection  which  they  offer  is 
sufficient  only  when  the  bacteria  so  collected  in  the  lymph-glands  are 
hindered  in  their  reproduction  and  are  killed  by  the  influence  of  their 
surroundings.  The  destruction  may  be  accomplished  under  the  influence 
of  phagocytosis,  but  in  many  cases  phagocytosis  is  possible  only  when  the  hac- 
ieria  are  weakened  or  have  already  been  killed.  Further,  the  taking-up  of 
living  bacteria  by  the  cells  is  not  always  followed  by  destruction  of  the 
bacteria,  but  there  very  frequently  takes  place  an  intracellular  multipli- 
cation of  the  bacteria. 

More  important  than  phagocytosis  for  the  prevention  of  the  spread 
of  bacteria  and  other  microparasites  is  the  influence  exerted  by  certain 
chemical  substances  in  solution  in  the  tissues.  Since  the  saprophy- 
tic,  non-pathogenic  bacteria,  when  injected  into  living  tissue,  are  kill^ 
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within  a  very  short  time,  we  must  assmne  that  in  the  tissues  there  are 
present  chemUsdUy  active  substances  which  are  poisonous  for  many  bacteria  and 
can  cause  their  rapid  destruction.  Farther,  since  many  pathogenic  bac- 
teria ordinarily  increase  only  locally  (tetanus-bacilli,  diphtheria-bacilli, 
cholera-spirilla)  and  after  a  certain  time  perish  within  the  infected  area, 
without  spreading  further  through  the  body,  it  is  very  probable  that  the 
tissues  of  the  body  also  contain  substances  which  are  poisonous  for 
many  pathogenic  bacteria  and  prevent  their  spread.  The  phenomena 
observed  in  local  infections  speak  also  for  the  fact  that  such  substances 
at  times  are  formed  in  increased  amounts  or  are  aided  in  their  action  by 
newly-formed  poisonous  substances.  It  is,  furthermore,  probable  that 
the  crowding  of  cells  which  takes  place  in  the  infected  tissue  or  in  its 
neighborhood  leads  also  to  an  increase  in  the  production  of  these  poison- 
ous substances,  and  may  thereby  hinder  the  spread  of  the  bacteria;  nev- 
ertheless, attention  should  be  drawn  to  the  fact  that  in  many  infections 
the  spread  of  bacteria  through  the  tissues  comes  to  a  standstill  in  places 
where  there  has  been  no  crowding  together  of  cells.  It  is  also  a  fact 
that  in  many  infections  the  spre^  of  bacteria  through  the  body  by 
metastasis  is  either  wholly  wanting  (tetanus,  diphtheria)  or  at  least  is 
insignificant  in  comparison  with  the  local  infection,  and  is  usually  fol- 
lowed by  relatively  insignificant  local  changes.  The  explanation  of  this 
fact  is  to  be  sought,  not  so  much  in  the  assumption  that  local  tissue- 
changes,  through  the  formation  of  special  chemical  substances  or  through 
the  aid  of  mechanical  substances  or  through  the  aid  of  mechanical  hin- 
drances— such  as  that  afforded  by  a  wall  of  cells — hinder  the  entrance  of 
bacteria  into  the  lymph  and  blood,  but  much  more  in  the  fact  that  there 
are  present  in  the  lymph  and  blood  itself  certain  fwces  which  are  able  to  in- 
jure and  weaken  the  ba^cteria  taken  up  into  these  fluids  or  to  destroy 
them.    (See  paragraph  below  on  opsonins.) 

The  hostile  action  of  the  blood  on  bacteria  has  been  ascribed  to  the 
phagocytic  action  of  the  leucocytes;  and  this  theory  is  supported  by  the 
fact  that  such  a  phagocytosis  can  be  demonstrated  very  frequently  in 
acquired  infections  or  after  the  artificial  introduction  of  bacteria  into  the 
blood;  and,  further,  by  the  fact  that  the  bacteria  within  the  blood,  en- 
closed in  cells,  may  often  be  carried  out  of  the  blood-vessels  and  deposited 
in  difTerent  orgaoA^-foff  ^Eample,  the  spleeo,  liver,  bune'^mari'i'frfr,  ntr^ 
the  kidneys — and  there  destroyed  or  excreted  from  the  body.  These 
observations  do  not  warrant  the  conclusion  that  phagocytosis  forms  a 
protection  against  the  spread  of  bacteria  in  the  lymph  and  blood ;  in- 
deed, in  those  very  cases  in  which  a  transportation  of  bacteria  through 
the  blood  does  not  take  place,  phagocytosis  is  also  absent ;  while  on  the 
contrary,  the  entrance  of  bacteria  into  the  blood,  and  the  multiplication 
of  the  same  inside  of  the  blood-vessels,  is  very  often  accompanied  or  fol- 
lowed by  phagocytosis.  Here,  again,  phagocytosis  is  of  the  nature  of  a 
secondary  phenomenon  which  occurs  when  there  are  present  in  the  blood 
bacteria  or  protozoa,  that  are  not  able  to  prevent  themselves  being  taken 
up  into  the  bodies  of  the  leucocytes — that  is,  they  exert  a  positive  at- 
traction on  the  phagocytes. 

When  bacteria  are  taken  up  by  cells,  they  either  die  or  continue  to 
multiply  inside  of  the  cells,  according  to  their  properties  and  their  con- 
dition at  the  time  of  the  phagocytosis. 

The  forces  which  are  able  to  hinder  the  development  of  bacteria  in 
the  Uood  are  believed  by  the  majority  of  writers  to  depend  upon  the 
presence  of  antibacterial  chemical  substances,  which  are  designated 
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alexins  (Bachner)  or  mycosozins  (Hankin).  According  to  Buchner,  with 
whom  the  majority  of  authors  are  in  harmony,  there  is  formed  a  fer- 
ment-like body,  an  enzyme  {cytase  [MetschnikofiT] ),  which,  through  the 
aid  of  an  intermediate  body  (amboceptor),  exerts  its  destrnctive  action 
upon  the  bacteria.  The  leucocytes  themselves  are  probably  the  chief  producer9 
of  this  protective  body f  and  the  lencocytosis  observed  in  the  blo(Mi  in  the 
course  of  many  infections  may  therefore  increase  the  protective  power 
(see  opsonins  below). 

So  far  as  conclusions  can  be  drawn  from  the  behavior  of  the  human 
and  animal  organisms  in  infectious  diseases,  we  may  assume  that  in  the 
blood  of  man  there  are  ahoays  present  protective  chenUoal  substances^  that  is, 
alexins,  particularly  so  against  bacteria  which  never  or  only  exception- 
ally enter  the  blood ;  and  that  others,  on  the  contrary,  are  produced  onlp 
during  the  course  of  an  infection,  so  tliat  not  until  a  certain  stage  of  the 
infection  does  an  inhibition  of  the  development  of  the  bacteria,  through 
the  formation  of  antibacterial  substances,  occur.  In  favor  of  such 
hypothesis  si)eaks  the  fact  that  many  bacteria  (typhoid-bacilli,  cholera- 
spirilla,  pus-cocci)  x>ossess  at  first  their  full  virulence  when  distributed 
through  the  body  by  the  blood,  but  later  suffer  a  loss  of  virulence  and 
finally  die. 

The  means  of  protection  which  the  organism  possesses  against  tlie 
poisons  produced  in  the  tissues  by  Imcteria  are  to  be  found,  first,  in 
the  possibility  of  a  rapid  excretion  of  the  poisons  by  the  kidneys,  or, 
under  certain  circumstances,  also  by  the  stomach,  intestine,  and  skin ; 
and  this  action  may  in  certain  cases  sufi&ce  to  prevent  a  fatal  poisoning. 
Further,  in  certain  infections  in  which  true  toxins  are  formed  there  is  an 
antagonistic  action  on  the  part  of  the  organism,  in  the  sense  that  these 
poisons  are  made  ineffective  through  the  action  of  counter  poisons,  the 
so-called  antitoxins.    (See  §  31  and  §  32. ) 

The  antvbacterial  properties  of  the  blood  and  lymph  against  certain  bacteria  have  been 
demonstrated  conclusively  by  the  experimental  investigations  of  various  writers. 
These  experiments  have  shown  that  the  bactericidal  action  of  the  blood  of  a  given  ani- 
mal is  exerted  only  upon  certain  forms  of  bacteria  and  never  upon  all;  and  that  this 
action  is  subject  to  individual  variations. 

According  to  the  investigations  of  Fodor,  Petruschky,  NvUal,  Ogata,  Buchner,  Bdir 
ring,  Niasen,  Pansini,  and  others,  the  blood  and  the  serum  from  dogs,  rabbits*  and 
white  rats  are  capable  of  rendering  the  anthrax-bacillus  harmless,  and  even  of  killing  it; 
but  this  action  is  a  limited  one,  so  that  after  the  introduction  of  a  large  number  of  the 
bacilli  into  the  blood  taken  from  the  vessels,  the  bacilli  after  a  time  begin  to  multiply. 
Defibrinated  blood  of  dogs  and  rabbits  can  destroy  the  cholera-spirillum  and  ty})hoid- 
fever  bacillus;  but,  on  the  other  hand,  has  no  effect  upon  the  different  pus-cocci,  and 
against  proteus;  the  same  is  true  also  with  regard  to  tne  blood-serum.  Human  blood 
or  blooa-serum  can  kill  typhoid-bacilli,  diphtheria-bacilli,  and  the  bacilli  of  elanders. 

Von  Baumgarten  and  WaU,  as  well  as  A.  Fischer ,  oppose  the  view  that  tliere  are 
chemically  active  substances  in  the  blood,  and  explain  the  natural  immunity  of  tbe 
tissues  and  the  blood  against  certain  bacteria  as  due  wholly  to  the  inability  of  the  bac- 
teria to  find  there  the  necessary  chemical  conditions  for  growth  and  multiplication. 
They  regard  the  fact  that  different  bacteria  which  have  been  pa&sed  into  the  blood 
or  blood-serum  do  not  develop  at  all,  or  show  but  partial  or  delayed  growth  and  a  great 
diminution  in  numbers  when  cultivated  upofi  plates,  as  in  no  manner  speaking  for  tbe 
presence  of  bactericidal  substances  in  the  blood.  According  to  their  view,  the  second 
transplantation  into  another  culture-medium  causes  a  disturbance  of  the  processes 
of  assimilation  and  osmosis.  There  arise  in  consequence  plasmolytic  changes  in  the 
bacteria  present  in  the  serum;  during  the  pouring  of  the  plates  the  already  injured 
cells  die  from  disturbances  of  assimilation.  On  the  other  hand,  it  is  to  be  noted  that 
A.  and  H.  Kossel  have  demonstrated  that  certain  products  of  animal  cells  (nudeinia 
acid,  protamine)  possess  bactericidal  properties. 

The  alexins  of  the  blood  serum  are  made  inactive  through  heating  to  55**  C, 
and  are  very  susceptible  to  the  action  of  sunlight  (Btichner),  and  they  can  also  be 
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destroyed  by  living  bacteria  and  their  decomposition  products.  They  resist  pepsin. 
The  addition  of  salt  to  the  serum  lowers  their  sensibility  to  heat.  By  means  of  a  90- 
per-oent  sodium  sulphate  solution  there  may  be  obtainea  from  dog  serum  a  precipitate 
which  remains  active  when  dried  at  70*^  C. 

The  bactericidal  action  finds  its  analogy  in  the  globulicidal  and  hsmoiytlc 
actton  of  the  seniin;  that  is,  its  capacity  to  destroy  and  dissolve  the  red  blood-cells 
of  an  animal  of  a  different  s^ci^s. 

According  to  the  investigations  of  Ehrlich  and  his  students  the  bactericidal  and 
JClobullcldal  antibodies  contain  two  components ^  one  thermolabiU,  which  is  destroyed^ 
by  heating  to  55-60"  C,  and  a  tfiermostabile,  which  resists  heating.  Both  must  act  to-' 
gether  in  order  to  bring  about  the  death  of  bacteria  or  the  dissolution  of  the  red  blood^ 
cells. 

Ehrlich  designates  the  thermostabile  component  as  the  immune  body  or  inter" 
mediate  body  {Bordet  "as  the  substance  sensibila trice''),  the  thermolabile  as  the  com- 
plement (earlier  designated  the  addiment).  To  the  immune  body  he  ascribes  two 
ha^toTohorofue  side-chains^  one  the  cytophile,  which  unites  with  the  cell  (bacterial  cell^ 
red  blood-cell),  for  which  it  possesses  a  chemical  affinity,  and  a  comj^emenlophile,  which 
combines  with  the  complement.  It  is  therefore  an  amboceptor,  which  carries  over  the 
action  of  the  complement  to  the  cell.  Buchner's  alexin  is  identical  with  the  thermola- 
bile component,  the  complement  of  Ehrlich  (Bordet).  That  a  union  of  the  immune 
body  witn  red  blood-cells  and  bacteria,  respectively,  does  take  place  has  been  demon- 
strated by  the  investigations  of  Ehrlich,  Morgenroth,  Hahn,  Trommsdorff,  von  Dungem, 
and  others. 

Hanhin,  Kanthack,  Denys,  Hahn,  Lowit,  and  others  assume,  on  the  ground  of 
experimental  investigations,  that  the  alexins  are  produced  by  the  leucocytes.  Kossel 
holdc  it  as  possible  that  the  nucleinic  acid  present  in  the  leucocytes  in  relatively  rich 
amounts  plavs  a  r61e  in  the  destruction  of  the  bacteria.  Noesske  believes  that  the  eosino- 
phile  cells  of  the  bone-marrow  in  particular  produce  bactericidal  substances.  It  is  not 
possible  at  the  present  time  to  draw  a  definite  conclusion  as  to  the  part  played  by  the 
colorless  cells  of  the  blood  in  the  defence  against  infections. 

According  to  Bitter,  the  bactericidal  substance  found  in  oroans — that  derived  from 
the  Ivmph-glands, spleen,  and  thymus— is  to  a  certain  extent  different  from  that  of  the 
blood  and  the  blood-serum,  and  therefore  does  not  originate  wholly  in  the  blood.  It  is 
certain  that  the  bactericidal  action  of  the  blood  is  not  the  only  protective  influence 
which  can  op]>ose  the  spread  of  an  infection,  or  wholly  prevent  it,  and  confer  immimity. 

According  to  observations  of  Czaplewski,  anthrax-bacilli  in  an  infected  oiganism, 
which  have  been  taken  up  into  leucoc^'tes,  degenerate  as  a  rule  more  slowly  than  those 
lyine  free  in  the  blood  and  tissue- juices.  It  appears,  therefore,  as  if  under  certain 
conditions  the  cells  afford  to  the  bacteria  which  they  enclose  a  certain  degree  of  pro- 
tection from  the  bactericidal  substances  of  the  tissue-fluids. 

The  antitoxins  which  render  the  bacterial  poisons  harmless  are  usuaUy  formed  first 
during  the  course  of  the  infection;  but,  according  to  the  investigations  of  Wasser- 
mann,  Abel,  Fischl,  von  Wunschheim,  and  others,  the  serum  of  healthy  men  also  con- 
tains such  substances.  Serum  which  contains  the  antitoxin  against  a  certain  toxin — 
as,  for  example,  that  against  the  diphtheria-toxin — can  be  a  good  culture-medium  for 
the  given  bacteria;  the  antitoxin  does  not  destroy  the  bacteria. 

Animals  refractory  toward  diphtheria  contain  in  the  blood  serum  no  diphtheria 
antitoxin,  but  according  to  Wassermann  about  80  per  cent  of  human  individuals  have 
in  their  blood  a  not  insignificant  amount  of  antitoxin.  The  immunity  of  the  animals 
depends  therefore  not  upon  the  presence  of  the  antitoxin,  but  on  a  lack  of  affinity 
between  the  poison  and  the  tissue-cells  {Ehrlich  and  Wa.s8ermann).  It  is  possible 
to  produce  in  mice  a  fatal  intoxication  with  the  blood  of  apparently  healthy  fowls 
that  have  been  injected  with  large  doses  of  tetanus  toxin. 

Opsonins.  The  protective  function  of  phagocytosis  has  in  recent  years  been 
accorded  a  position  of  f^reat  importance  through  the  discovery  by  Wright  and  Douglas 
(1902)  of  the  presence  m  the  blood  and  other  fluids  of  the  body  of  certain  substances, 
called  by  them  opsonins,  which  render  various  bacteria  susceptible  to  the  phagocytic 
action  of  leucocytes.  It  is  now  apparently  an  established  fact  that  certain  special 
substances,  normal  and  immune,  act  upon  the  bacteria  and  change  them  in  such  a 
nianner  that  they  are  readily  taken  up  by  polynuclear  leucocytes  in  vitro.  Opso- 
nins capable  of  acting  upon  a  variety  of  bacteria  occur  in  normal  blood.  They  appear 
to  be  the  most  important  antibodies  in  infections  with  streptococci,  staphylococci, 
pneumooocci,  micrococcus  melitensis,  gonococci,  meningococci,  the  bacilli  of  plague, 
dysentery,  anthrax,  tuberculosis,  typhoid  fever,  the  colon  bacillus,  cholera  spirillum, 
etc.  Wnether  this  wide  range  of  opsonic  action  is  dependent  upon  a  common  opsonin 
or  upon  a  variety  of  specific  opsonins  is  not  yet  determined.  Specificity  of  the  opsonins 
probably  does  not  exist.    Various  researches  suggest  that  tney  may  be  a  constant 
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Suantity.  They  are  to  a  certain  extent  thennolabfle,  being  partly  destroyed  at  60-65* 
.  Bacteria  first  treated  with  normal  serum  and  then  exposed  to  this  temperature 
are  taken  up  as  under  normal  conditions.  The  opsonic  power  of  the  blood  is  increased 
in  recovery  from  infection,  and  it  can  also  be  artificially  increased  by  immuniiation 
with  living  attenuated  bacteria,  dead  bacteria,  or  proteid  constituents  of  the  bacterial 
cells.  The  opsonic  Index  is  the  relative  influence  of  a  patient's  blood  upon  phagocy- 
tosis as  compared  with  that  of  normal  individuals.  It  is  determined  by  mixing  in 
a  capillary  tube  equal  parts  of  the  patient's  serum,  a  suspension  of  leucocytes,  and  an 
emulsion  of  the  bacteria  against  which  the  index  is  taken.  Control  tests  are  made  in 
the  same  wav  with  normal  serum.  The  mixtures  are  incubated  for  a  time,  thin  smears 
are  made,  dried,  and  stained,  and  the  average  number  of  bacteria  taken  up  by  the 
leucocytes  is  estimated.  Regarding  the  index  of  the  normal  blood  as  unitjr,  the  average 
number  of  bacteria  in  the  leucocytes  of  the  patient's  serum  divided  by  it  will  be  the 
opsonic  index.  75-100  leucocytes  are  usually  counted.  A  low  opsonic  index  is  taken 
as  indicating  the  presence  of  an  infection  or  of  a  low  degree  of  resistance  to  it,  while  a 
high  index  indicates  a  high  degree  of  resistance  to  a  recovery  from  infection. 
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g  31.  The  healing-powers  of  the  human  body  are  furnished  by  thim 
life-processes  which  are  able  to  compensate  for  the  disturbances  and  changes 
caused  by  disease,  and  to  render  harmless  or  to  remove  any  harmful  agent  that 
m4iy  still  be  present  in  the  body.  If  portions  of  tissue  have  been  destroyed^  the 
healing  consists  essentiaUy  in  the  removal  of  the  changed  and^  dead  tissuCy  and 
its  replacement  by  new  tissue. 

When  from  any  cause  the  temperature  of  the  body  becomes  abnor- 
mally low  or  abnormally  high,  comx>ensation  may  be  effected  in  such 
a  way  that  through  the  suitable  regulation  of  the  heat-production  and 
heat-dispersion  the  temperature  of  the  body  may  be  brought  ba<?k 
to  the  normal.  If  through  trauma  a  portion  of  tissue  is  destroyed,  the 
organism  may  repair  the  defect  either  through  the  local  production  of 
new  tissue  (regeneration)  or  by  a  corresponding  increase  in  other  similar 
tissues  (compensatory  hypertrophy). 

If  poisons  enter  the  body  and  produce  symptoms  of  intoxication, 
healing  can  follow  only  through  the  rapid  excretion  of  the  poison,  or  its 
destruction  or  neutralization  within  the  body ;  while  at  the  same  time  the 
damaged  tissues,  under  the  influence  of  normal  nutrition,  again  return 
to  their  normal  state,  existing  defects  being  properly  compensated. 

In  infections  the  healing  processes  follow  directly  upon  the  action  of 
the  protective  forces;  indeed,  the  action  of  the  latter  constitutes  the  first 
stage  of  healing;  the  protective  and  healing  processes  are  in  part  identical 

In  many  infectious  diseases  the  healing  influence  of  protective  sub* 
stances  already  present  in  the  affected  body  is  supplemented  by  the  ap- 
pearance of  new  substances  foreign  to  the  normal  organism,  which  as 
Imctericidal  substances  and  as  antitoxins  antagonize  both  the  infection 
and  the  intoxication.  The  bactericidal  antilMdies  are  formed  by  the 
tissue-cells  which  through  the  infection  have  been  placed  under  altered 
conditions  of  life;  they  spnad  throughout  the  tissue- juices,  and  thus 
hinder  the  further  extension  and  multiplication  of  the  bacteria.  They 
are  formed  particularly  in  typhoid  fever,  cholera,  and  plague,  and  show 
constantly  a  certain  specificity  in  that  they  influence  primarily  those  bacteria 
through  whose  vital  activities  they  have  arisen.  This  specificity  is,  how- 
ever, not  absolute,  inasmuch  as  they  can  act  upon  closely  related  species. 

Antitoxins  are  formed  in  those  infections  in  which  toxins  are  pro- 
duced. The  action  of  the  toxin  takes  place  in  this  manner  (Ehrlich): 
the  poison  molecule  combines  through  a  haptophorous  side-chain  with 
the  haptophorous  group  of  certain  cells,  while  the  toxophorous  side- 
chain  of  the  poison  exerts  its  influence  in  a  specific  manner  iij>on  the 
affected  cells,  so  that  we  may  regard  the  antitoxins  as  representing  noth- 
ing more  than  an  excess  of  haptophorous  side-chains  of  the  ceU-stibdanee  m- 
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eeptible  to  the  poison,  thai  are  given  off  into  the  btood-serum  and  into  the  body- 
juices,  and  combine  the  corresponding  haptophorcus  side-chains  of  the  toxin. 
The  haptophorons  group  of  the  toxin  is  thereby  prevented  from  carrying 
over  its  toxophorous  group  to  the  cells  and  thereby  becoming  active. 
Toxin  and  antitoxin  combine  according  to  fixed  quantitative  relations. 

Antitoxins  are  formed  against  the  poison  of  diphtheria  and  tetanus,  the  pyo- 
cyaneus  poison,  ricin,  snake-poison,  the  poison  of  eel-blood,  and  certain  mushroom 
poisons. 

Since  the  antitoxins  of  snake-venom  (CalmeUe)  and  that  of  the  pyocyaneus  toxin 
iWassermann)  are  more  easily  destroyed  than  the  poisons  themselves,  it  is  possible  in  a 
mixture  of  the  two,  when  the  combination  has  lasted  but  a  short  time,  to  destroy  by 
heating  to  a  certain  degree  the  antitoxin  alone,  so  that  the  toxin  again  becomes  active. 

The  virulence  of  the  toxin  of  diphtheria  is  weakened  with  age,  through  the  fact 
that  the  toxophorous  group  in  part  becomes  inactive. 

If  the  favorable  course  and  the  healing  of  an  infectious  disease  depend  essentially 
upon  the  production  of  antitoxins,  the  bacteria  concerned  may  still  be  preserved  and 
increase  in  numbers;  only  the  harmful  action  is  averted.  After  a  certain  time  they  also 
die. 

According  to  investi^tions  by  R.  Pfeiffer,  confirmed  by  Scbemheim,  Dunbar, 
Ij)effler,  and  others^  there  is  found  in  the  blooa-serum  of  animals  made  immune  against 
typhoid-bacilli  or  cholera-spirilla,  or  of  human  individuals  suffering  or  convalescing 
from  typhoid  fever  and  cnolera,  a  specific  bactericidal  substance  {lyaogenous 
substance  of  C.  Fraenkelj,  The  addition  of  such  a  serum  to  a  virulent  bouillon-culture 
of  these  bacteria  so  changes  the  latter  that  the  bacteria  when  inoculated  into  the 
peritoneal  cavity  of  an  experimental  animal  rapidly  disintegrate  into  Httle  spherules 
and  are  finally  dissolved: 

Bordet  has  shown  that  a  fresh  human  serum  is  active  also  in  the  test-tube  outside 
of  the  human  body.  When  heated  to  56^  C.  this  activity  is  lost  (inactivation)  but  it 
may  be  restored  again  through  the  addition  of  normal  serum  (reactivation). 

According  to  the  investigations  of  Gruber,  Durham,  Pfeiffer,  KoUe,  Sobemheim, 
Widal,  C.  Fraenkel,  and  others,  the  blood-serum  of  individuals  ill,  convalescing,  or  en- 
tirelv  recovered  from  typhoid  or  cholera  exerts  a  damaging  influence  upon  typhoid- 
bacilli  or  cholera-spirilla  respectively;  this  influence  being  of  such  a  nature  that  in 
bouillon-cultures  the  bacteria  so  affected  become  motionless,  clump  together,  sink  to 
the  bottom  of  the  vessel,  and  are  destroyed.  When  the  serum  is  added  to  a  hangine 
drop  of  bouillon-culture,  the  rapidly  moving  vibrios  at  once  become  motionless  and 
collect  in  little  heaps.  Grvber  believes  that  this  phenomenon  is  to  be  explained  by  a 
swelling  and  bursting  of  the  membrane  of  the  bacterial  ceU,  and  assumes  that  this 
change  enables  the  alexins  to  destroy  the  bacteria  present  in  the  body.  He  therefore 
designates  the  active  substances  in  the  serum  as  agglutinins,  and  believes  that  to  these 
may  be  attributed  the  chief  agency  in  the  healing  of  infectious  diseases  and  in  the  pro- 
duction of  immunity  against  the  same.  Pfeiffer,  on  the  contrary,  denies  the  occurrence 
of  any  swelling  of  the  cell-membrane,  and  explains  the  phenomenon  as  due  to  an  in- 
hibition of  development,  and  designates  the  active  substances,  the  nature  of  which  is 
wholly  unknown,  as  specific  paralysins.  After  Grvber  had  demonstrated  the  peculiar 
action  of  the  blood-serum  of  typhoid-fever  patients,  Widal  (Sem.  nUdicaU,  Paris,  1896) 
proposed  that  this  action  of  the  blood-serum  on  cholera-spirilla  and  typhoid-bacilli 
respectively  be  utilized  as  a  diagnostic  aid  during  the  course  of  an  attack  of  typhoid. 
Numerous  clinical  investigations  have  demonstrated  that  it  is  possible,  during  the 
course  of  the  attack  or  for  a  long  time  (several  months)  afterward,  to  make  a  diag- 
nosis of  typhoid  from  the  action  of  the  blood-serum  upon  cultures  of  typhoid  bacilli 
[WidaVs  reaction).    (See  §  33.) 

According  to  Kraus,  there  is  present  in  the  blood  of  animals  artificially  immunized 
a^mst  cholera  and  typhoid  fever  a  body,  which,  on  the  addition  of  such  a  serum  to  a 
clear  bacteria-free  filtrate  of  cultures  of  cholera  or  typhoid  bacilli,  produces  in  the 
latter  a  clouding  and  later  a  precipitation,  thus  acting  as  a  precipitin.     (See  §  33.) 

The  protective  substances  which  appear  in  the  blood  in  the  course  of  infectious 
diseases  are  not  always  formed  at  the  same  ^lace;  in  pneumonia  they  are  said  to  be 
produced  in  the  bone-marrow  (Wassermann);  in  cholera  and  tjrphoid  fever  in  the  spleen 
(Pfeiffer  and  Marx);  in  "  Rinderpest "  in  the  liver  (Koch).  'They  are  to  be  r^arded 
as  specific  secretory  products  arising  in  response  to  specific  stimuli. 

The  bactericidal  Imnittne-bodies  are,  according  to  their  physical  and  chemical 
properties,  to  be  regarded  &8  ferments  (they  are  neither  globulins  nor  albumins).  The 
immune-bodies  combined  with  the  bacterial  cells  during  bacteriolysis  may  be  set  free 
after  the  solution  of  the  bacterial  protoplasm,  and  again  become  capable  of  action. 
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It  has  often  been  assumed  that  the  fever  occurring  in  infectious  diseases  is  a  pro- 
tective process  favoring  the  destruction  of  bacteria;  and  it  is  not  impossible  that  in 
individual  cases  it  may  exert  such  a  favorable  influence.  Thus,  for  example,  it  is  con- 
ceivable that  a  parasitic  micro-organism,  growing  well  at  a  temperature  of  37-38°  C, 
will  not  thrive  at  a  temperature  of  40-41**  C.,  so  that  high-fever  temperatures  may  hin- 
der its  power  of  reproduction.  The  conclusion  should  not,  however,  be  drawn  from 
this  that  fever  is  a  useful  phenomenon  which  alwajrs  favors  the  counterbalandng  of 
pathological  disturbances.  Even  in  those  cases  in  which  the  metabolic  processes  occur- 
ring during  the  fever  exert  an  injurious  influence  upon  the  bacteria,  this  is  not  to  be 
taken  as  provin^^  the  usefulness  of  fever.  We  can  only  s^  that  a  part  of  the  morbid 
processes  occurring  during  an  infectious  fever  leads  to  a  formation  of  decomposition- 
products  which  may  possess  antibacterial  or  antitoxic  properties. 
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See  also  §  30,  §  32,  and  §  33. 

II.  The  Acquirinir  of  Immunity  asrainst  Infection  and  Intoxication. 

Protection  tlirough  Inoculation. 

§  32.  The  acquiring:  of  immunity  as^ainst  a  particular  infectious 
disease  is  a  phenomenon  whose  frequent  occurrence  has  long  been  known 
through  clinical  observations.  This  fact  has  been  established  chiefly  by 
the  o^rvation  that  the  great  majority  of  men  suffer  but  one  attack  of 
such  widespread  infections  as  measles,  smallpox,  whooping-cough,  scar- 
let fever,  and  diphtheria,  and  that  after  such  attack  they  are  spared  by 
the  disease,  even  when  they  expose  themselves  under  the  most  varied 
conditions  to  the  danger  of  infection  with  its  poison.  The  knowledge  of 
this  fact  is  very  old,  and  early  in  the  eighteenth  century  it  had  led,  in 
the  Orient,  to  attempts  to  obtain  immunity  against  the  natural  contagion 
of  smallpox  by  the  inoculation  of  material  from  smallpox  pustules.  In 
the  latter  part  of  the  eighteenth  century  Jenner  discovered  that  the  dis- 
ease known  as  cowpox— i.e.,  a  milder  form  of  pox,  which  is  an  attenuated 
form  of  human  smallpox — afforded  protection  against  the  true  smallpox. 
Asa  result  of  this  observation,  since  the  beginning  of  the  year  1796,  at  first 
by  Jenner  himself,  afterward  by  the  physicians  of  all  civilized  countries, 
artificial  inoculations  of  cowpox  have  been  carried  out  upon  millions  of 
hmnan  individuals,  with  the  result  that  through  such  inoculation  a  high 
degree  of  immunity  against  the  true  smallpox  has  been  secured  to  iSie 
inoculated ;  so  that  at  the  present  time,  in  all  countries  where  vaccina- 
tion is  universally  practised,  the  occurrence  of  widespread  epidemics  of 
smallpox,  once  so  frequent,  is  very  rare,  and  the  disease  no  fonger  as- 
smnes  the  character  of  a  dabgerous  pestilence. 

The  investigations  of  the  last  decades  with  regard  to  the  causes  and 
origin  of  infectious  diseases,  which  have  covered  such  an  extraordinarily 
br(^  field,  have  shown  that  the  acquiring  of  immunity  against  a  cer- 
tain Infectious  disease  through  one  attack  of  the  given  disease  oc- 
curs in  different  infectious  diseases,  especially  in  those  running  an  acute 
course;  and  represents  sometimes  a  transitory,  at  other  times  a  x>^r- 
manent  peculiarity  of  the  individual  concerned,  which  in  pregnant 
women  may  be  transmitted  to  the  foetus  in  uteiv.  These  observations 
have  also  diown  that  the  single  or  repeated  inoculation  of  attenuated 
pathogenic  bacteria — that  is,  of  bacteria  which  on  account  of  their  slight 
virulence  produce  a  disease  that,  in  contrast  to  the  natural  infection  with 
bacteria  of  full  virulence,  is  relatively  insignificant,  often  localized  to  a 
limited  area — can  also  confer  Immunity  against  the  corresponding  dis- 
ease.   Further,  it  has  been  demonstrated  that  the  injection  of  certain 
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chemical  substances  produced  by  the  bacteria  is  sufficient  to  confer 
immanity  against  certain  infections. 

Immunity  through  the  inoculation  of  attenuated  specific  disease- 
germs  may  be  produced,  for  examx)le,  against  anthrax,  symptomatic 
anthrax,  chicken-cholera,  diphtlieria,  and  swine-erysipelas.  The  weak- 
ening of  the  virulence  of  bacteria  may  be  produced  either  by  the  action 
of  high  temperatures  or  chemical  agents,  or  by  the  action  of  the  air  alone; 
further,  it  may  also  be  produced  by  the  inoculation  of  the  bacteria  into 
certain  animals  or  through  their  long-continued  cultivation  on  artificial 
media.  Inoculation  is,  in  general,  carried  out  by  injecting  subcntane- 
ously  first  markedly  attenuated,  then  less  attenuated,  and  finally  fully 
virulent  bacteria  together  with  their  products. 

According  to  the  investigations  of  numerous  authors,  immunity  iu 
animals  may  also  be  product  by  the  injection  of  sterilized  cultures  in 
which  the  bacteria  are  completely  killed — as,  for  example,  against  Ameri- 
can hog-cholera,  symptomatic  anthrax,  diphtheria,  the  infectious  disease 
produced  experimentally  in  rabbits  by  the  injection  of  the  BaciUus  ppo- 
cyaneus,  and  the  infection  produced  in  guinea-pigs  by  cholera-spirilla. 

A  third  form  of  artificial  immunization,  which  Raynaud  attempted  as 
early  as  1877,  but  was  first  securely  established  by  Behring  in  1890,  can 
be  produced  by  the  injection  into  man  or  an  experimental  animal  of 
blood-serum  taken  from  animals  which  were  previously  susceptible, 
but  have  been  rendered  immune  by  means  of  inoculations.  The  most 
extensive  and  at  the  same  time  the  most  successful  attempts  thus  far 
made  have  been  carried  out  with  diphtheria  and  tetanus^  that  is,  in  dis- 
eases in  which  intoxication  through  toxins  forms  the  most  striking  fea- 
ture. Moreover,  successful  experiments  with  the  blood-serum  of  immu- 
nized animals,  in  the  case  of  cholera,  swine-erysipleas,  anthrax,  typhoid 
fever,  and  plague,  have  been  reported. 

The  specific  protection  which  the  blood-serum  a£fords  may  be  secm«d, 
not  only  by  injection  before  infection  occurs,  but  also  after  infection 
.\a8  already  taken  place ;  so  that  the  serum  may  be  designated  not  only  a 
protective  serum,  but  also  a  healing:  serum.  For  both  protection 
against  and  for  the  cure  of  a  certain  infection  a  definite  amoMnt  of  serum 
is  necessary,  the  precise  amount  depending,  on  one  hand,  upon  the  se- 
verity of  the  infection,  and  On  the  other,  upon  the  activity  of  the  senun 
itself,  which  increases  with  the  completeness  of  the  immunization  of  the 
originally  susceptible  animal  furnishing  the  serum.  If  the  serum  is  not 
injected  until  after  infection  has  occurred,  the  amount  of  serum  must  be 
so  much  the  greater  the  longer  the  lapse  of  time  after  the  beginning  of 
the  infection. 

In  the  case  of  true  bacillary  diphtheria,  the  injection  of  curative 
diphtheria-serum  has  now  been  carried  out  in  thousands  of  cases,  of 
both  severe  and  light  forms ;  and  there  is  without  any  doubt  a  beneficial 
influence  exerted  upon  the  course  of  the  disease,  as  shown  by  a  rapid 
improvement  of  the  patient's  general  condition  (rapid  establishment  of 
euphoria,  fall  of  fever,  improvement  in  the  pidse),  as  well  as  by  the 
favorable  course  pursued  by  the  local  disease.  In  tetanus  a  definite  cur- 
ative action  of  serum  has  been  demonstrated  in  the  case  of  experimental 
animals,  guinea-pigs,  and  mice ;  but  the  results  in  man  have  not  yet  been 
fully  determined. 

The  blood-serum  of  immunized  animals  exerts  its  beneficial  action, 
without  doubt,  through  the  presence  of  a  counter-poison,  an  antitoxin, 
which  neutralizes  the  poisons  produced  by  the  bacteria.     In  the  case  of 
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the  patients  treated  by  a  given  antitoxin,  there  is  produced  a  poison- 
immunity  against  the  corresponding  bacterial  poison — as,  for  example, 
against  the  poison  produced  by  the  diphtheria-bacilli,  in  those  patients 
iojected  ^ith  diphtiieria-antitoxin — and  this  immunity  is  to  be  ascribed 
to  the  presence  of  a  definite  amount  of  antitoxin  in  the  blood. 

Besides  the  antitoxins,  the  blood-serum  of  immunized  animals  or 
hmnan  beings  may  also  contain  bactericidal  substances,  which  injure  or 
kill  the  bacteria  themselves ;  and  this  is  said  to  occur  especially  in  cholera 
and  typhoid  infections. 

In  the  case  of  immunization  by  means  of  attenuated  cultures  or  by 
sterilized  chemical  bacterial  products,  the  antibodies  are  produced  as  new 
sahstances  within  the  organism,  and  this  process  has  been  designated 
active  immunization  (Ehrlich) ;  in  the  case  of  the  injection  of  immu- 
nizing serum  the  antitoxin  already  formed  is  introduced  from  without, 
and  this  may  be  spoken  of  as  passive  immunization.  It  is  probable 
that  in  the  last  case  no  new-formation  of  antitoxin  occurs  after  the 
injection. 

For  the  foundation  researches  in  regard  to  inoculation  with  attenuated  cultures  of 
bacilli  cultivated  outside  of  the  body,  we  are  indebted  to  Pasteur,  who,  in  1880»  demon- 
strated the  fact  that  chickens  could  be  immuoized  against  chicken -cholem  through  the 
inoculation  of  cultures  of  ehicken-cholera  bacilli,  that  had  been  weakened  through  long 
exposure  to  the  air. 

Since  that  time  numerous  experiments  have  been  carried  out  with  other  forms  of 
bacteria,  especially  with  attenuated  cultures  of  the  bacilli  of  anthrax  and  symptomatic 
anthrax.  Good  results  have  been  obtained  from  inoculations  against  tlie  symp- 
tomatic anthrax  of  cattle.  Less  favorable  are  the  results  in  inoculations  against  an- 
thrax, in  that  some  of  the  animals  die  from  the  effects  of  the  protective  inoculation, 
while  others  are  not  rendered  absolutely  immune  against  a  new  anthrax  infection. 

Sheep  and  cattle  may  be  made  immune  against  anthrax  ;  most  expediently  (Koch) 
by  first  inoculating  them  with  attenuated  cultures  of  anthrax-bacilli,  which  will  kill 
mice  but  not  guinea-pigs,  and  then  with  those  which  will  kill  guinea-pigs  but  not 
large  rabbits. 

As  vaccine  against  symptomatic  anthrax,  there  may  be  used  cultures  of  the  bacillus 
attenuated  through  heat  or  such  chemical  agents  as  sublimate  solutions,  thymol, 
eucalyptol,  and  silver  nitrate ;  and  by  such  inoculations  cattle  may  be  rendered  im- 
mune. At  the  present  time  heat  {HesSy  Kitt)  is  most  commonly  used  in  the  preparation 
of  the  vaccine.  The  infected  muscle  of  an  animal  dying  with  symptomatic  anthrax  is 
chopped  fine,  triturated  with  one-half  its  weight  of  water,  and  pressed  through  a  piece 
of  linen  cloth.  Finally,  the  fluid  is  again  filtered  through  a  moistened  piece  of  fine 
linen.  The  virulent  material  is  then  spread  in  thin  layers  upon  glass  plates  or  flat 
dishes,  and  transferred  to  a  dry  chamber  at  a  temperature  of  82-85"  C.  When  thor- 
oughly dry  the  virus  is  scraped  oflf  and  removed  in  the  form  of  powder.  When  it  is 
dejred  to  give  inoculations,  the  virus  is  triturated  with  double  its  weight  of  water  and 
the  fluid  evaporated  in  a  lliermostat.  By  raising  the  temperature  to  100"  0.  for  six 
hours  a  weak  vaccine  is  obtained ;  at  a  temperature  of  85"  C.  for  six  hours  a  stronger 
one.  For  the  immunization  of  cattle,  about  0.5  gm.  of  the  weaker  vii-us  in  a  dilute 
water  solution  is  injected  into  the  subcutaneous  tissue  of  the  animal's  tail,  and  after 
eight  to  twelve  days  the  stronger  solution  is  similarly  injected. 

According  to  observations  of  Ghauveau  and  others,  protective  inoculations  may  also 
be  made  by  the  injection  of  virulent  bacteria  in  very  small  quantities,  or  in  such  a 
manner  that  the  life  of  the  animal  shall  not  be  endangered.  In  the  case  of  sympto- 
matic anthrax  this  may  be  accomplished  by  the  injection  of  very  small  doses  into  the 
extremity  of  the  animal's  tail ;  such  injections  not  causing  a  fatal  illness,  but  only  a 
local  disturbance. 

According  to  Afanameff,  it  is  possible  to  render  animals  immune  by  inoculating 
the  granulating  surface  of  a  wound  with  a  virulent  culture. 

Cattle  may  also  be  immunized  against  contagious  pleuropneumonia  {Schutz)  by  in- 
jecting the  tissue-juices  from  the  lung  of  an  animal  dying  from  this  disease  into  the 
tip  of  the  tail.  There  is  produced  in  this  way  a  circumscribed  inflammation,  or,  at 
least,  one  which  is  confined  to  the  tail ;  after  recovery  from  which  the  animal  is  im- 
mune to  both  natural  and  artificial  infection  with  this  disease. 

Hogs  may  be  rendered  immune  against  inoculation  with  vinilent  bacilli  of  swine^ 
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eryHpdM  {Patteur)^  by  using,  as  vaccine,  cultures  attenuated  by  successive  inocula- 
tions' in  rabbits.  According  to  Emmerich,  rabbits  may  also  be  made  immune  against 
the  bacilli  of  swine-ervsipelas  through  the  injection  into  the  ear-vein  of  a  small  quan- 
tity of  a  virulent  bouillon -culture  diluted  with  fifty  times  its  volume  of  water. 

Animals  susceptible  to  diplitheria  may  be  rendered  immune  against  this  disease, 
according  to  Behring,  by  the  injection  of  cultures  of  diphtheria-lMu;illi  which  have  been 
weakened  in  virulence  bv  exposure  for  sixteen  hours  to  iodine  trichloride  (1 :  500).  Two 
cubic  centimetres  of  such  a  culture  are  injected  into  the  peritoneal  cavity;  after  three 
weeks  this  injection  is  repeated  with  a  diphtheria-culture  (0.2  c.c.)  which  has  been 
washed  four  days  in  bouillon  containing  iodine  trichloride  (1 : 5,500).  After  this,  fully- 
virulent  cultures  are  inlocted  in  increasing  doses. 

Protective  inoculations  agaanst  rabies  were  first  carried  out  in  cases  resulting  from 
bites  by  rabid  animals,  particularlv  in  France  (Pasteur  Institute),  Russia,  and  Italy. 
As  inoculation-material,  the  spinal  cord  from  rabbits  which  have  been  infected  with 
rabies  is  used  after  it  has  been  dried  in  dry  air  at  a  temperature  of  2^25"  C. ;  the  viru- 
lency  of  the  cord  being  gradually  lost  after  about  fifteen  days  of  the  drying-process. 
According  to  Protopopoff,  it  is  the  temperature,  and  not  the  drying  {Pcuteur),  which 
lessens  the  virulence.  According  to  Marx,  the  micro-organisms  of  rabies  have  already 
been  weakened  in  the  body  of  the  rabbit.  Small  portions  of  a  rabbit's  cord  thus  weak- 
ened in  virulence  are  triturated  in  sterilized  chicken-broth  and  injected  subcutaneously 
into  the  bitten  individual ;  at  first  pieces  of  cord  greatly  reduced  in  virulence  are  used, 
then  those  of  gradually  increasing  virulence.  According  to  the  view  held  by  PasUnr, 
the  spinal  cord  contains  both  the  microbes  of  the  disease  and  the  specific  poison  formed 
by  them ;  if  the  latter  spreads  through  the  body  more  rapidly  than  the  microbes,  it  co&- 
fera  an  immunity  against  a  subsequent  spread  of  the  microbes,  and  affords  protection 
to  the  nervous  system  in  particular.  In  order  to  confer  immunity  it  is,  therefore, 
necessary  to  introduce  as  large  a  quantity  as  possible  of  the  chemical  poison.  Accord- 
ing to  the  reports  of  the  Institutes  in  which  the  Pasteur  inoculations  against  hydro- 
phobia have  been  carried  out,  it  must  be  acknowledged  that  these  inoculations  baye 
been  successful  in  preventing  cases  of  hydrophobia. 

Immunity  against  c/iolera  may  be  produced,  in  both  man  and  animals  {Haffkine, 
Pfeiffer,  Kolle,  Voge^,  and  others),  by  the  injection  of  sterilized  or  attenuated  cultures 
of  cholera-spirilla ;  this  immunity  (which  is  of  short  duration)  depends  upon  the  forma- 
tion of  specific  bactericidal  anti-bodies  in  the  blood  (see  Voges,  1.  c).  On  the  other  band, 
we  do  not  yet  possess  a  specific  remedy  by  which  the  life  of  any  animal  or  man  in- 
fected with  cholera  may  be  saved. 

Immunity  against  typhoid  feter  may  be  secured  in  man  by  the  subcutaneous  injec- 
tion of  sterilized  cultures  of  typhoid -bacilli  {Pfeiffer,  KoUe) ;  and  the  establishment  of 
the  immunity  may  be  recognized  by  the  fact  that  the  blood-serum  of  the  individual  so 
inoculated  is  found,  after  a  few  days,  to  contain  bactericidal  substances.  Attempts  at 
immunization  in  cases  already  ill  with  typhoid  {Brieger,  Wassermann,  C,  Fraenkel) 
have  up  to  the  present  time  been  unsuccessfui. 

According  to  the  reports  publisheii  by  Koch  (British  Medical  Journal,  1897;  Dent, 
med.  Wochen.,  1897,  No.  16;  Centralbatt  f.  Bakt.,  xxi.,  p.  526)  of  the  investigations 
which  were  carried  out  during  the  winter  of  1896-1897  with  regard  to  the  cattle-plague 
in  Cape  Colony,  cattle  may  be  immunized  against  *^ Rinderpest^  by  subcutaneous  in- 
jections of  10  c.c.  of  the  bile  taken  from  animals  dying  of  the  disease:  the  condition  of 
immunity  becoming  established  at  the  latest  by  the  tenth  day.     According  to  the  re- 

gort  of  Professor  Winkler  ("  Land wirthschaftl.  "Bezirks-Verein  Giessen,"  August,  1900} 
o^s  and  cattle  may  be  immunized  against  foot-and-mouth  disease  through  feeding 
with  milk  of  animals  which  are  affected  by  the  disease  or  have  recently  recorerea 
from  it.  Loefjler  and  UhlenhiUh  {Coniraiblatt  f.  Balct.,  xxix.,  1901)  have  also  reported 
successful  protective  inoculations  with  a  serum  against  the  foot-and-mouth  disease. 

In  the  year  1890  Koch  made  the  discovery  that  cultures  of  tubercle-bacilli  contain 
an  active  substance,  **  tuberculin,"  which,  when  injected  into  tut>erculous  individuals, 
causes  a  rise  of  temperature  and  to  some  extent  local  inflammatory  changes  in  the  neigh- 
borhood of  tuberculous  foci.  It  was  at  first  hoped  that  in  tuberculin  a  remedy  for 
tuberculosis  had  been  found,  but  the  many  trials  made  with  it  upon  human  beings  and 
animals  have  shown  that  it  indeed  produces  after  repeated  injections  an  immunity 
against  the  toxic  action  of  tuberculin,  but  does  not  hinder  the  multiplication  of  tubercle- 
bacilli  and  the  consequent  spread  of  the  disease.  Further,  the  local  inflammation 
caused  by  the  tuberculin  leads  to  favorable  results  only  under  special  conditions,  but, 
on  the  other  hand,  often  causes  actual  harm  (through  the  metastasis  of  bacilli).  Never- 
theless, Koch's  discovery  has  proved  of  gi*eat  importance.  In  the  first  place,  it  is  of 
practical  value  in  the  diagnosis  of  tuberculosis,  in  that  tuberculin  injections  do  not  ex- 
cite fever  in  normal  iudividuals.  Inoculations  for  diagnostic  purposes  are  now  used 
very  extensively  in  cases  of  suspected  tuberculosis  in  domestic  animals.  Moreover, 
the  reports  published  by  Koch  gave  a  great  stimulus  to  further  investigations  with  re- 
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gard  to  immunization  by  means  of  inoculation  with  bacterial  toxins ;  and  these  investi- 
gations have  led  to  the  discovery  of  the  antibodies  of  diphtheria,  tetanus,  cholera,  and 
typhoid  fever.  Small  doses  of  tuberculin  appear  also  to  have  a  favorable  influence 
upon  the  course  of  tuberculosis. 

In  1897  ^ac7t("Ueb€rneue  Tuberculinpraparate,"  Deut,  med.  Woeh.^  1897)  suc- 
ceeded in  obtaining  from  highly  virulent  cultures  of  tubercle-bacilli  a  substance 
which  he  claims  is  able  to  immunize  against  all  of  the  constituents  of  the  tubercle- 
bacillus.  To  obtain  this  substance  young  cultures  of  tubercle-bacilli  are  dried  in  a 
vacuum-exsiccator  and  then  triturated.  The  product  obtained  by  trituration  is  mixed 
with  distilled  water  and  centrifugated.  The  active  substance  is  contained  in  the  muddy 
precipitate  thus  obtained  (designated  by  Koch  as  T.  R.).  This  is  again  dried  and  tritu- 
rated, dissolved  in  water  to  which  twenty  per  cent  of  glycerin  is  added  for  the  purpose 
of  preservation.  (The  preparation  is  manufactured  by  Meister,  Lucius,  and  Brunntna, 
at  tl5ch8t-on-the-Main,  Oermany.)  The  fluid  preparation  contains  10  mgm.  of  solid 
substance  in  every  cubic  centimetre,  and  when  it  is  to  be  used  should  be  diluted  with 
physiological  salt  solution.  Through  the  use  of  large  doses  animals  are  said  to  become 
immunized  in  from  two  to  three  weeks.  In  the  treatment  of  tuberculosis  in  man  the 
dose  should  begin  at  -g^^  mgm.  and  gradually  be  increased  up  to  20  mgm.,  the  injections 
being  given  every  other  day.  According  to  the  observations  so  far  published,  the  T.  R. 
preparation  does  not  appear  to  exert  a  curative  action  upon  tuberculosis  in  man. 

The  blood-seniin  treatment  off  diphtfaeriav  f.o.,  the  employment  of  the  antitoxins 
contained  in  the  blood  of  an  animal  immunized  against  diphtheria  as  a  means  of  curing 
that  disease  when  it  is  already  contracted,  or  as  a  protection  against  such  infection,  is 
a  discovery  which  we  owe  to  Behring.  The  favorable  effects  of  the  method  discov- 
ered and  proved  by  him  through  experimental  inve^igations  have  been  confirmed  by 
thousands  of  observations.  In  the  treatment  of  diphtheria  patients  a  large  quantity  of 
the  serum  (one  thousand  immunizing  units)  is  usually  injected  at  one  time  beneath  the 
skin  of  the  thigh. 

The  term  "normal  serum" — i.e.,  a  serum  having  the  value  of  one  immunization 
unit — is  used  by  Behring  to  designate  a  serum  which,  when  mixed  with  a  quantity  of 
diphtheria  poison  equal  to  ten  times  the  minimal  fatal  dose  and  then  injected  in  the 
amount  of  0.1  c.c.  into  a  guinea-pig  of  from  200  to  800  gm.  weight,  will  surely  protect 
that  auimal  from  diphtheria.  Sheep  and  horses  are  especially  adapted  for  the  prepara- 
tion of  the  serum.  Tt  is  prepared  and  sold  in  doses  of  from  five  hundred  to  three 
thousand  immunization  units. 

If  culture-filtrates  of  the  tetanos-bacillus  are  weakened  by  the  action  of  chemi- 
cal agents  (iodine  trichloride  or  iodine  combined  with  potassium  iodide),  it  is  possible 
through  reputed  injections  of  such  filtrates  of  increasing  virulence  to  produce  im- 
munity in  animals  against  tetanus  {Kitamto,  Behringy  Tizzoni,  Buchner),  The  blood  of 
such  immunized  ammals  contains  an  anatoxin  which  affaiils  a  sure  protection  to  experi- 
mental ammaU  ctgainst  tetanus.  The  antitoxin  treatment  of  human  beings  suffering 
from  tetanus  has  not  given  satisfactory  results  (see  Kolder  and  Schlesinger,  I.e.),  not 
even  in  cases  of  relatively  early  injection  of  the  antitoxin,  though  it  appears  to  be 
effective  if  administered  before  the  appearance  of  the  tetanus. 

Susceptible  animals  and  human  beings  may  be  immunized  against  bubonic  plague 
by  means  of  sterilized  cultures  of  the  pest-baciilus  ( Tersin,  Haffkine,  Kolle) ;  and  it  ap- 
pearsthat  in  the  blood-serum  of  immunized  animals  (the  horse,  for  example)  there  are 
present  anti-bodies  which  render  the  serum  utilizable  for  both  protective  and  curative 
purposes. 

Animals  may  be  made  immune  against  snake-poisoTis  by  means  of  inoculations  of 
▼ery  small  doses  of  such  poison  continued  for  some  length  of  time  {Caltneite,  Tscfiiato' 
tntieh) ;  and  the  blood-serum  of  such  immunized  animals  is  also  found  to  possess  an 
antitoxic  action  against  the  given  poison,  so  that  it  may  be  used  as  a  healing-serum. 
In  Brazil,  Mexico,  Africa,  etc.,  various  methods  involving  the  use  of  snake-poison 
itself  are  employed  for  the  immunization  of  individuals  against  a  snake-bite,  or  for 
curing  them  after  they  have  been  bitten  (drinking  of  the  secretions  of  the  poison- 
glancfi,  rubbing  of  the  diluted  poison -into  small  wounds  of  the  skin,  etc.)  (Brenning). 

According  to  the  investigations  by  Ehrlich,  mice  may  be  made  immune  against 
nWft,  to  which  they  are  extremely  susceptible,  by  mixing  very  small  doses  of  ricin 
with  their  food  ancf  then  afterward  injecting  additional  small  doses  subcutaneously. 
The  appearance  of  the  immunity  occura  on  the  sixth  day  after  the  administration  of  the 
ricin,  so  that  upon  this  day  the  animal  can  withstand,  a  dose  thirteen  times  as  great  as 
at  the  beginning.  Through  continued  systematic  inoculations  the  animal  tNecomes 
immune  to  a  dose  eight  hundredfold  as  strong.  The  immunity  is  produced  by  an  anti- 
toxic bodv,  antiricin.  which  neutralizes  the  poisonous  action  of  ricin. 

Vaccloes.  Since  Wright's  discovery  of  the  opsonins,  bacterial  vaccines  have  been 
extensively  employed  in  the  treatment  of  certain  infections.  The  vaccines  are  prepared 
by  cultivating  the  given  organism  on  agar-agar,  suspending  the  growth  in  saltsolu- 
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tlon,  and  heating  to  GS^-dO"*  C.  for  an  hour  to  kill  the  bacteria.  The  emulsion  of  dead 
bacteria  is  then  injected.  Immediately  following  the  injection  the  opsonic  index  falls 
for  a  time,  the  so-called  negative  phase.  This  is  followed  in  a  day  or  two  by  a  rise  in 
the  index  to  or  above  its  original  height,  the  positive  phase.  Considerable  doubt  has 
been  thrown  upon  the  opsonic  index  as  a  reliable  guide  in  the  progress  of  an  infection; 
but  many  clinicians  have  obtained  gratifying  results  in  the  treatment  with  bacterial 
vaccines.  The  conditions  most  amenable  to  this  treatment  are  localized  inflammstioDS 
caused  by  staphylococci,  streptococci,  pneumococci,  gonococci,  and  the  tubercle-bacil- 
lus. As  the  method  of  treatment  is  still  in  the  experimental  stage,  it  is  too  early  to 
make  definite  statements  concerning  its  value. 

Attempts  have  been  made  to  treat  thyroidism  with  a  speciflc  serum  (Boffen,  Bedx). 
Experimental  immunity  to  Spirillum  obermeieri  can  be  produced  by  the  injection  of 
filtered  blood  in  which  the  spirilla  have  died  out  {Noxy).  Experimental  immunity  can 
be  obtained  in  experimental  cerebrospinal  meningitis  {Flexner), 
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III.  The  Active  Substances  of  Acquired  Immunity.    Ehiilch's  Side- 
chain  Theory. 

§  33.  Acquired  Immunity  depends  upon  the  presence  of  specific  anti- 
toxic and  bactericidal  antibodies.  The  process  is  seen  in  its  simplest  form 
in  the  production  of  antitoxins,  a  phenomenon  most  familiar  to  ns  in  the 
healing  of  diphtheria  and  tetanus. 

According  to  the  views  of  Ehrlich,  only  those  substances  are  poisons 
that  possess  a  chemical  af&nity  for  some  element  of  the  body  and  throng 
a  combination  with  this  exert  a  harmful  action  recognizable  clinically. 
A  congenital  Immunity  to  poison  may,  therefore,  depend  upon  the  fact 
that  the  poison  finds  in  the  inunune-body  no  element  with  which  it  m 
react  chemically,  or  the  element  so  affected  suffers  no  damage  in  a  elLoi- 
cal  sense.  In  acquired  Immunity  to  poison  the  poisonous  action  of  the 
toxin  Is  prevented  through  the  formation  of  an  antitoxin. 

The  complex  protoplasmic  substances,  when  considered  as  chemical 
structures,  consist  of  (Ehrlich)  a  governing-nucleus  or  centralgnmp  («" 
tral  ring)  and  of  various  side-chains.  These  side-chains  can  combine  with 
the  side-chains  of  albuminous  nutritive  substances,  and  so  bring  abont  an 
assimilation  of  the  latter.     They  thus  have  the  significance  of  receptors 
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or  of  a  haptophore  group  which  combines  with  a  haptophorotis  group  of  the 
albaminous  food-material.  In  the  same  way  toxins  are  anchored  through 
their  haptophorous  group  to  the  receptors  of  the  ceU-protoplasm,  thus  enabling 
the  toxophorous  group  of  the  toxin  to  exert  Us  action  upon  the  cell-protoplasm 
aud  to  injure  the  vital  powers  of  the  cells. 

As  the  result  of  the  combination  of  the  toxins  with  the  receptors,  por- 
tions of  the  protoplasmic  albumin-molecule  are  rendered  incapable  of 
functionating.  If  the  life  of  the  cell  and  its  power  of  compensation  are 
not  damaged,  there  is  produced  only  a  functional  disturbance  of  the  cen- 
tral-group without  any  definite  injury  to  it;  and  the  cell  may  again  re- 
place the  side-chains  and  even  form  them  in  excess,  throw  them  off,  and 
give  them  to  the  blood.  Such  detached  side- chains  or  receptors  constitute  an 
antitoxin.  The  antitoxin  is,  therefore,  no  new  substance,  but  one  nor- 
mally present,  which  under  certain  conditions  is  produced  in  an  increased 
amount  and  given  off  into  the  blood,  and,  circulating  there,  combines  the 
toxin  presetit  in  the  blood  to  form  a  hannless  hody^  and  so  prevent  its  action 
upon  the  ceUs,  The  same  substance  in  the  living  body,  which  as  a  con- 
stituent of  the  cells  renders  intoxication  possible,  becomes  the  cause  of 
healing  when  set  free  into  the  blood-stream  (von  Behring). 

The  bactericidal  action  of  tlie  blood-serum,  a  phenomenon  occurring 
in  certain  infectious  diseases  (typhoid  fever,  cholei-a,  plague),  is  depend- 
ent upon  the  combined  action  of  two  substances.  One  of  these  is  a  ferment- 
IQce  body  found  in  the  tissue-juices,  and  particularly  in  the  blood-serum 
of  the  normal  organism.  It  is  very  labile  and  is  destroyed  by  heating 
to  55°  C.  Buchner  has  designated  this  substance  as  alexin*  Ehrlich  as 
complement  (earlier  as  addiment),  and  Metschnikoff  as  cytase.  It  alone 
is  not  able  to  injure  the  bacteria,  but  needs  for  this  action  the  coop- 
eration of  an  intermediate-body,  the  amboceptor  or  immune-body  of 
Ehrlich  (substance  sensibilatrice  of  Bordet). 

The  amboceptors  are  occasionally  formed  first  during  the  course  of  an 
infection,  and  are  specific  for  that  infectious  disease  (specific  immune- 
bodies),  that  is,  they  are  active  only  in  that  disease  in  the  course  of 
which  they  are  formed.  They  possess  two  haptophore  groups,  one  of 
which  (cytophile  group)  combines  with  a  receptor  of  the  bacterial  proto- 
plasm ;  the  other  (complementophile  group)  combines  with  a  haptophore 
chain  of  the  complement,  so  that  the  zymotic  gi*oup  of  the  latter  can  act 
ux>on  the  bacterial  cells.  The  amboceptor  is  less  susceptible  to  heat  than 
the  complement  and  is  not  destroyed  by  heating  to  60°  C. 

The  bactericidal  sera  act,  in  the  first  place,  in  such  a  way  as  to  cause 
the  death  and  solution  of  the  bacteria,  in  that  the  specific  immune-body, 
the  amboceptor,  carries  over  to  the  bacteria  the  digestive  action  of  the 
normal  body -juices,  in  the  complement,  so  that  the  bacteria  are  in  part 
dissolved.  Such  sera  contain,  therefore,  bacteriolysins.  A  second 
action  is  shown  by  them  in  the  phenomenon  of  agglutination,  in  that 
specific  substances  contained  in  the  serum,  the  agglutinins,  combine 
with  the  bacterial  cells  and  cause  a  characteristic  clumping  of  the  bac- 
teria contained  in  a  uniform  suspension.  The  agglutinins  are  less  sus- 
ceptible to  hc^t  than  are  the  lysins  and  are  not  changed  at  56°  C. 

Finally,  bactericidal  immune-sera  cause  also  the  phenomenon  of  pre- 
cipitation, in  that  certain  substances  contained  in  the  same,  precipitins, 
or  coagulins,  form  chemical  combinations  with  certain  substances  given 
off  from  the  disintegrating  bact^erial  bodies  and  coagulate  or  precipitate 
them.  If  an  active  bactericidal  serum  be  added  to  a  clear  fluid  which 
contains  such  albuminous  substances  of  the  bacterial  cells,  there  is  quickly 
produced  a  flocculent  precipitate. 
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Pncipitins  vitfafitaod  Imtin^  to  56'  C  and  nay  be  dried  without 
Umstj^  ibm-  potency. 

AaMfffding  to  Ehriieli.  the  ieeeptor»  for  a  toxin  rtpreaent  only  a  hap- 
loplM«oiHgrt»poftlieeeIlsvitb  vbo«eliapl<^>lioroos  rliain  the  toxin  has 
etmAntmA,  He  det^jcnate^  the  ame  as  a  rtrepUfr  a/*  ike  1  order.  On  the 
oCber  hand,  the  receptor  of  the  cells  for  the  nntiitire  albomin-moleenJes 
containA  a  haptophoroos  and  a  zymophoruos  gronp^  the  latter  of  which 
canstts  a  fermentative  disintegration  of  the  anchored  albnmin-moleeale. 
Thi^  i»  den^natcd  as  a  rerefilor  of  ike  II  order.  The  receptor  for  bacteri- 
oly^n  contains  a  haptophorons  groap  for  the  anchoring  of  the  ferment- 
like  eomplement  and  a  receptor  for  the  comhinii^  of  the  disintegration 
products  of  bacteria,  so  that  the  former  can  act  npon  the  latter. 

The  receptors  thrown  off  by  the  cells  aune  de^gnated  by  Ehrlich  as 
hapffaif,  and  he  distingnishes:  a  kapiim  of  the  I  order ^  the  antitoxin,  which 
combinea  the  toxin  to  form  a  harmless  body;  h^img  of  the  II  order,  the 
agglntinins,  preeipitins,  or  eoagidins^  which,  after  their  onion  with  the 
albomin  of  the  bacteria,  cause  agglutination,  coagnlatioD,  and  precipita- 
tion throng  the  action  of  the  zymophorous  group;  and  kapiina  of  the 
Illorder^  or  bacteriolysins,  which  as  amboceptors  carry  over  the  fer- 
mentatifre  action  of  the  complement  to  the  bacteria. 


Under  opeeial  eondltions  there  appear  in  the  tissue-juiees.  particulariy  m  the 
Mood,  flubstaiioai  that  aet  upon  the  red  blood-cells  or  tisBoe^-eells  or  the  soluble  albumins 
of  the  human  and  anhnal  oipuiism  in  the  same  manner  as  the  antibodies  described  abo\'fc 
Aeeording  to  their  action  tn^  are  dassed  as  hncmolysfaM  (giobulicidal  immune-sera), 
Cjrtoiysi— ,  prccipiti— ,  and  agglatiafatt.  Thej  arise  wfaoi  into  the  body  of  an  ani- 
nud  there  is  introdueed  the  blood,  lymph,  milk,  or  tissue  from  an  anhnal  of  a  different 
species  (Bordet,  TtehuitawUMeh,  Kraus,  von  Dungem,  Watsermann^  Ehriich,  Morgcn- 
rothf  LandtUiner,  Vhlenkuik,  and  others).  The  blood-serum  of  a  guinea-pig  injecUd 
repeatedly  with  defibrinated  rabbit's  bkmd  is  able  to  dissolve  quiwy  tfi  vitro  the  red 
eoq>tiscies  of  the  rabbit,  while  normal  guinea-pig's  blood  does  not  possess  such  a  power. 

The  action  of  hsoMlljfStes  or  of  a  oMndicidal  immune  mrttm  oorresponds  in  all 
.respects  to  that  of  the  bacteriohrsins,  ana  the  researehes  concerning  the  nature  of  the 
hsemolvsins  (Ehrlich,  Morgenroik)  have  aided  essentialhr  in  the  explanation  of  the 
mechanism  of  the  process  of  bacteriolysis. 

The  immune-body  or  amboceptor  appearing  in  giobulicidal  serum  shows  a  great 
ipecific  affinity  for  the  corresponding  erythrocytes;  it  will  combine  with  them  at  0*^  C. 
and,  when  thus  smirated  fnmi  the  complement  left  in  the  serum,  is  not  in  itself  able  to 
dissolve  the  red  blood-cells.  The  complement  will  not  combine  with  the  red  cells 
without  the  immune-body.  When  the  immune-body  or  amboceptor  is  present,  the 
complement  may,  at  a  higher  temperature,  be  carried  by  the  amboceptor  over  to  the 
red  cells  and  cause  their  solution* 

After  intraperitoneal  injections  of  laked  blood  of  the  same  species,  the  so-called 
XMlynru  may  be  formed,  that  is,  the  blood-serum  of  the  animal  injected  acquires  the 
power  of  dissolving  the  red  cells  of  another  individual  of  the  same  species. 

Cytolysint  or  cyMaxins  arise  through  the  injection  of  foreign  cells  into  an  organ- 
ism, for  example,  alter  the  injection  of  ciliated  epithelium,  spermatozoa,  leucoQrtes. 
renal  epithelitun,  adrenal  cells,  brain-substance,  pancreas-cells,  placenta-cells,  and 
carcinoma-cells.  In  the  case  of  ciliated  epithelial  cells  and  spermatozoa  the  action  of 
the  cytolysins  contained  in  the  serum  can  be  rec(^ized  outside  of  the  body  in  the 
rapid  cessation  of  movement  (tricholystn,  spermolysm). 

Cytolysins  act  in  the  same  manner  as  the  hsmolysins. 

Prec^yitfau  arise  in  the  blood-serum  as  a  specific  reaction  of  the  body  after  the 
subcutaneous,  intraperitoneal,  or  intravenous  introduction  of  foreign  albuminous 
substances. 

A  serum  containing  precipitins  has  the  power,  when  added  to  the  albumin  solution 
used  in  the  injections,  of  causing  in  the  latter  a  precipitate.  R.  Krau»  has  demonstrated 
this  action  firet  for  cholera-spirilla,  that  is,  for  the  substance  of  the  bacterial  cell  brought 
into  solution.  The  serum  of  goats  previously  treated  with  injections  of  cholera-spinUa 
or  with  the  bacterial  substance  causes  a  precipitate  in  filtrates  of  cholera-cultures  that 
contain  no  bacQli.    This  property  of  the  oactorial  precipitins  maybe  used  in  diagnosis. 

According  to  the  investigations  of  Tschistowtt^cht  Boniet,   Wassermann,  Schutse, 
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Ehrlickf  Morgenroihy  Myers,  UhJenhrdh,  von  Dungernj  and  others,  such  precipitins 
are  also  formed  after  the  injection  of  foreign  blood,  milk,  inflammatory  exuoates,  fresh 
and  dried  flesh,  etc.;  and  through  the  aid  of  this  method  it  becomes  possible  to  dis- 
tinsuish  from  one  another  not  only  the  red  blood-cells  of  different  species,  but  also 
fle»i,  mUk,  semen,  etc.;  that  is,  the  precipitating  serum  of  an  animal  A,  that  has  been 
treated  with  an  albumin  of  an  animal  B  of  another  species,  will  precipitate  the  albumin 
of  B,  but  not  that  of  a  third  species. 

This  reaction  of  albumin  obtained  by  biological  methods  (biological  method  of 
differerUiating  aUmmins,  Wassermann  and  Schiitze)  is  so  extremely  sensitive  that  the 
specific  test  for  albimiin  is  possible  even  at  a  dilution  of  1 :  100,000.  The  precipitin 
reaction  has  found  its  most  important  application  in  the  examination  of  blood-stains, 
but  it  is  also  of  use  in  the  differentiation  of  different  kinds  of  meat,  milk,  etc.,  and  can 
be  applied  also  to  the  differentiation  of  plant-albumins. 

the  reaction  is  specific  for  the  albutnin  of  different  species  of  animals  and  for  man; 
between  the  albumins  of  different  elements  of  the  body,  as,  for  example,  between 
chicken-blood  and  the  white  of  a  chicken-egg,  there  exist  only  (quantitative  differences. 
An  antiserum  to  human  blood  will  precipitate  also  urine  containing  albumin,  puiulent 
exudates,  ascitic  fluid,  seminal  fluid,  etc.;  so  it  mav  be  inferred  that  the  various  fluids 
of  the  body  contain  the  same  receptors  as  those  of  the  blood-serum.  In  the  examina- 
tion of  spots,  stains,  etc.,  the  first  thing  to  be  determined  is  the  presence  of  blood 
(guaiacum  test,  Teichmann's  test,  spectroscopic  examination).  When  this  is  de- 
temiined,  the  biological  test,  properly  handled,  gives  very  certain  results,  particularly 
when  the  animal  used  for  the  production  of  the  serum  is  not  closely  relateci.  An  anti- 
serum for  human  blood  gives  only  a  very  weak  reaction  with  ape's  blood  (particu- 
larly that  of  anthropoid  apes);  and  similar  conditions  exist  between  the  horse  and  the 
donkey,  and  between  the  chicken  and  pigeon. 

For  the  demonstration  of  the  presence  of  human  blood  or  albimiiin,  the  serum  of 
rabbits  properly  treated  beforehand  can  be  used  to  best  advantage,  but  that  of  the  horse, 
sheep,  or  goat  m&jr  also  be  employed  (according  to  von  Dungem,  cold-blooded  animals 
procluce  no  precipitins).  To  produce  the  antiserum  (UfUenhuth)  5-10  c.c.  of  a  dilute 
solution  of  albumin  derived  from  human  tissues  or  blood  are  injected  into  a  rabbit  at 
intervals  of  several  days,  until  a  test  of  blood  taken  from  the  vein  of  the  ear,  made  about 
five  days  after  the  last  injection,  shows  the  serum  to  be  active.  It  is  very  strange  that 
the  time  in  which  this  ch^ge  in  the  serum  occurs  varies  greatly  with  individual  animals. 
When  the  serum  has  attained  its  fuU  strength,  the  animal  is  ansesthetized,  the  thorax 
opened,  and  a  cut  made  into  the  heart.  The  blood  flowing  into  the  thoracic  cavity  is 
taken  up  by  a  pipette  and  collected  in  a  sterilized  glass  graduate.  The  serum  when 
separated  is  filtered  through  a  Berkefeld  filter  and  when  ready  for  use  must  be  perfectly 
dear.    The  albuminous  material  to  be  tested  is  dissolved  in  physiological  salt-solution. 

A  serum  of  high  potency  may  contain  precipitins  that  act  not  only  upon  homo- 
logous albumins,  but  also  upon  neterologous.  Uhlenhuth  recommends,  tnerefore,  a 
marked  dilution  (1: 1,000)  of  the  fluid  to  oe  examined,  which,  moreover,  must  be  per* 
fectly  clear.  To  2.0  c.c.  of  the  dilute  fluid  0.1  c.c.  of  the  antiserum  is  added,  and  in 
the  presence  of  homologous  albumin  a  cloudy  precipitate  forms  at  once  or  after  one  or 
two  minutes. 

Agglutinins  that  cause  clumping  through  their  functional  molecule-groups  may 
be  combined  first  with  bacteria,  but  also  after  that  with  red  blood-cells.  Agglutinabfe 
substances  and  agglutinins  possess  specific  combining  haptophore-groups  (j&tsender^ 
and  VoUCf  Wassermann),  In  the  agglutinable  substance  the  functional  group  is  more 
labile  and  more  easily  destroyed  than  the  haptophore-group;  this  is  true  also  of  the 
agglutinin  (Wassermann).  Tnrough  external  innuenoes  the  functional  group  may  be 
lost,  and  from  the  a^lutinin  there  is  produced  an  agglutinoid,  which  is  no  longer  able 
to  cause  agglutination,  and  through  its  combination  with  the  agglutinable  substance 
is  able  to  prevent  the  occurrence  of  agglutination  in  the  presence  of  aazlutinin.  As  has 
been  mentioned  above  (§  31),  agglutination  has  been  observed  chiefly  in  the  case  of 
cholerarspirilla,  typhoid-bacilli,  pyocyaneus,  colon,  and  tubercle  bacilli. 

Immune-agglutinins  are  produ^d  during  the  process  of  immunization  by  an 
increased  formation  and  setting  free  of  groups  that  under  certain  conditions  occur  in 
slight  amount  even  in  normal  serum. 

Aggltdinaiion  can  be  applied  to  the  diapnosis  of  the  given  disease,  but  it  must  be 
remembered  that  the  serum  of  healthy  individuals  causes  agglutination  (in  typhoid 
fever  even  in  dilutions  of  1 :  20,  while  the  serum  of  persons  having  the  disease  will  agglu- 
tinate at  a  dilution  of  1 :  50);  and  that  a  serum  can  also  agglutinate  to  a  greater  or  less 
deipw  other  bacteria  than  the  one  coming  under  the  influence  of  its  agglutination  power. 
The  serum  of  typhoid  patients  or  of  those  immune  to  typhoid  acts  upon  many  colon- 
species  even  in  high  dilutions. 

The  precipitable  substance  in  culture-fluids  is,  according  to  Wassermann,  identical 
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wUh  the  aagluiinable  substance  in  the  bacterial  ceils;  that  is,  the  substance  present  in  the 
uninjured  bacterial  cells,  combining  in  agglutination  with  the  agglutinating  senim, 
is,  in  the  culture-fluids,  dissolved  out  of  the  bacteria,  set  free  in  the  same,  and  gives 
there  a  specific  precipitate  with  the  senmi. 

Agglutination  and  dissolution  of  the  bacteria,  according  to  Wassermann,  Ekrlich, 
Morgenroth,  etc.,  are  not  caused  by  the  same  substance,  as  is  believed  by  von  Bauith 
garten  and  Grvber  to  be  the  case.  Agglutinins  and  amboceptors  or  immune-bodies  are 
two  bodies  distinct  from  each  other  and  do  not  have  the  same  haptophorous  group  in 
common.    The  inmiune-body  needs  for  its  action  the  complement,  the  agglutinin  does  Dot. 

The  agglutinin  is  made  up  of  separate  or  partial  agglutinins,  and  a  bacterial  agi^lu- 
tinin  may,  therefore^  vary  in  its  constitution  according  to  the  biolc^ical  qualities  of 
the  animal  in  which  it  is  produced.  Two  varieties  of  bacteria  (typhoid-fever  and  colon- 
bacilli)  may  also  possess  a  number  of  partial  agglutinins  in  common.  It,  therefore, 
becomes  necessary  {Wassermann) ^  when  applying  agglutination-tests  for  thepuiposeof 
diagnosis,  to  work  always  with  such  dilutions  as  possess  a  limit  of  action  not  far  from 
that  obtained  by  titration  for  the  fp\en  bacterial  species  (the  limits  of  potency  of  any 
serum  may  vary  greatly).  A  positive  agglutination  is,  therefore,  decisive  as  pertaining 
to  that  species  with  which  the  animal  producing  the  serum  was  previously  treated. 

The  production  of  antitoxin  ptays  the  most  important  rdle  in  the  healing  of 
diphtheria  and  tetanus;  the  success  attending  the  prophylactic  and  therapeutic  use 
of  these  antitoxins  has  already  been  mentioned  m  g  32.  Antitoxins  are  also  produced  in 
the  course  of  infections  with  the  staphylococcus,  streptococcus,  pneumocoocus,  intoxi- 
cations due  to  Bac.  botulinus  (sausage-poisoning)  and  the  Bac.  pyocyaneus,  but  the 
results  of  the  therapeutic  applications  of^  these  are  at  the  present  time  uncertain. 

Antitoxins  are  also  produced  in  poisoning  with  ricin,  abrin,  crotin,  poUen-toxin, 
mushroom-poison,  snake- venom,  eel-poison,  and  the  poison  of  toads  and  spiders. 

The  toxin  is  not  destroyed  by  the  antitoxin.  When  snake-venom  (Calmette)  is 
mixed  with  antitoxin  so  that  the  mixture  becomes  harmless  to  animals,  and  if  the  more 
thermolabile  antitoxin  be  destroyed  by  heating  to  68^  C,  the  mixture  again  becomes 
poisonous.  The  same  thing  may  be  demonstrated  in  the  case  of  the  toxin  and  anti- 
toxin of  the  Bac.  pvocyaneus. 

According  to  Wassermann,  the  substance  of  the  central  nervous  system  chiefly 
affected  by  tetanus  is  able  to  combine  with  the  tetanus  toxin  alter  the  manner  of  an 
antitoxin  and  so  render  it  harmless.  Tetanus  toxin  rubbed  up  with  the  brain  sub- 
stance of  a  normal  rabbit  becomes  so  weakened  that  guinea-pigs  can  bear  ten  times 
the  fatal  dose  without  damage.  According  to  Bansomf  the  tetanus-poison  injected  in 
fatal  doses  into  pigeons  is  demonstrable  in  all  organs  except  the  central  nervous  sys- 
tem, with  which  it  has  entered  into  chemical  combination. 

Therapeutic  attempts  with  Imctericldal  5Cfm  have  up  to  the  present  time  not 
given  such  good  results  as  those  of  antitoxic  sera.  In  the  first  place,  the  bactericidal 
sera  have  no  influence  upon  an  existing  intoxication.  Further,  an  action  upon  the 
bacteria  present  is  also  impossible  when  the  injected  serum  finds  no  free  complement 
in  the  blood  of  the  patient  or  when  the  amboceptor  from  animal  blood  (horse  blood) 
does  not  combine  with  the  complement  of  human  blood. 

The  a^iutinins,  precipitins,  etc.,  can  in  turn  produce  in  the  oiganism  anti-anti- 
bodies, antiagglutinins,  antiprecipitins,  etc. 

Hyper^asceptlbUlty  or  anaphylaxis.  Animals  may  react  to  certain  toxic  or 
foreign  substances  in  one  of  two  ways,  either  h^  an  increased  resistance  or  immxmity  or 
bv  an  increased  susceptibility  (hypersusceptibility  or  anaphylaxis).  According  to 
Thecbald  Smith ,  Otto,  Kosenau  and  Anderson,  Gay  and  Southard,  etc.,  there  occura  a 
remarkable  toxio  action  in  fi;uinea-pigs  as  the  result  of  an  injection  of  a  small  dose  of 
horse-serum  (.OOOl-.l  c.c),  followed  after  ten  days  or  two  weeks  bv  a  second  injection 
of  relatively  Laree  amount  (5  c.c),  the  reaction  bemg  characterized  by  severe  symptoms 
with  death  within  one  hour.  This  reaction  is  specific  in  that  guinea-pigs  sensitited 
with  horse-serum  do  not  react  to  the  second  injection  of  other  proteid  substances,  and 
vice  versa.  The  reaction  following  a  second  injection  of  the  same  proteid  in  guinea- 
pigs  appears  to  be  common  to  all  higher  forms  of  albuminous  substances  (white  of  egg. 
luemoglobin,  milk,  extract  of  peas,  bacterial  proteids,  etc.).  Simpler  albuminous 
substances,  such  as  peptone,  seem  to  have  slight  sensitizing  and  poisonous  properties, 
while  lower  nitrogenous  compounds  as  leucin  and  tyrosin  possess  none  at  all.  Hyper- 
susceptibility in  the  guinea-pig  may  be  transmitted  bv  the  female  to  the  offepring. 
The  nypersusceptibility  may  persist  for  a  long  time  (Rosenau  and  Anderson),  The 
hsrpersusceptibility  produced  m  guinea-pigs  to  second  injections  of  bacterial  proteids 
resembles  that  proauoed  by  second  injections  of  horse-serum.  It  is  significant  that 
the  period  of  incubation  in  a  number  of  infectious  diseases  corresponds  to  the  ten  to 
fourteen  days  required  to  sensitize  animals  to  a  foreign  proteid.  (For  literature 
Anderson  and  Rosenau,  Jour,  of  Med,  Res.,  July,  1908.) 


ACQUIBED   IMMUNITY.  123 


Literature. 

{Acquired  Immunity,  JShrlich^s  Side- Chain  Theory,) 

Aschoff:  Ehrlich's  Seitenkettentheorie,  Jena,  1902  (Lit.). 

Ton  Bauxngarten:  Phagocvtenlehre.    B.  v.  Zieg.,  vii.,  1896;   Jahresber.,  1891-1904; 

Die  Hdmolyse.    Festschr.  f.  Jaff^,  Braunschweig,  1900;  B.  klin.  Woch.,  1901. 
Bordet:  Les  fi^rums  h^molywiaues.    Ann.  de  I'lnst.  Past.,  xiv.,  1900;  Mode  d'action 

des  scrums  cytolytiques.    ibid.,  1901. 
Charrin:  L'immunit^.    A.  de  pbys.,  iv.,  1893;  Traits  de  path,  g^n.,  ii.,  Paris,  1896. 
Corbette:  The  Action  of  Antitoxins.    Jour,  of  Path.,  vi.,  1899. 
▼onI>tingem:  Globuhcide  Wirk.  d.  tier.  Organismus.    Mttnch.   med.  Woch.,  1899; 

Immunaenim  gesen  £pithel.    Ibid.,  1899;  Beit.  z.  Immunit&tslehre.   Ibid.,  1900; 

Die  Antikdrper,  Jena,  1904;  Bindungsverh&ltnisse  b.  d.  Pr&cipitionsreaktion.    Cbl. 

f.  B.,  xxxiv.,  Ori^.,  1903. 

lich:  Ueber  Toxin  und  Antitoxin,  Berlin,   1901;    MUnch.    med.   Woch.,    1903; 

Schutzstoffe  des  Blutes.    D.  med.  Woch.,  1901;  Verb.  d.  Ges.  d.  Natuiforsch., 

Leipzig,  1902. 

und  Horgenroth:  H&molysine.    Berl.  klin.   Woch.,  1900;    Wirkung  und 

Entstehimg  d.  aktiven  Stoffe  im  Serum  nach  d.  Seitenkettentheorie.    Handb.  d. 

path.  Mikrooi^.,  iv.,  1904. 
"Brrnnnrich:  Bakterolyt.  Wirkung  d.  Nucleasen  u.  Nudeasenimmunproteide.     C.  f. 

B.,  xxxi.,  1902,  Orig. 
ExLgel:  Leitfaden  u.  klin.  Untersuch.  d.  Blutes,  Berlin,  1902. 
Friedbergor:  Die  baktericiden  Sera.    Handb.  d.  path.  Mikrooi^.,  iv.,  Jena,  1904. 
Oruber:  Zur  Theorie  der  Antik6rper.    MUnch.  med.  Woch.,  1^1. 
Haiiser:  Serodiagnostische  Methode.    MUnch.  med.  Woch.,  1904. 
Joos:  Mechanismus  der  Agglutination.    Z.  f.  Hyg-»  40  Bd.,  1902. 
liOndon:  Cytolytische  Theorie  d.  Immunitftt.    C.  *f.  B.,  xxxii.,  Orig.,  1902. 
Ldwit:  Niederschlaesbildun^  bei  d.  Agglutination.    C.  f.  B.,  xxxiv.,  Orig.,  1903. 
Kan-waring:  The  Application  of  Physical  Chemistry  to  Serum  Pathology.  (Various 

papers.)    Studies  from  Rockefeller  Institute,  vi.,  1907. 
Karz:  EinfQhrung  in  die  Serodiagnostik.    Z.  f.  Tiermed.,  vi.,  1902. 
Metachnikoff:  Sur  les  cytotoxines.    Ann.  de  Tlnst.  Past.,   1900;    Immunit&t  bei 

Infektionskrankheiten,  Jena,  1902;    Die  Lehre  v.  d.    Phago<^ten.    Handb.  d. 

path.  Mikroorg.,  Jena,  1904. 
Moxter:  Immunsenim  gegen  Spermatozoen.    D.  med.  Woch.,  1900. 
Mnir:  The  Action  of  Hemolytic  Sera.    Lancet,  1903. 
XtOler:  Antih&molysine.    Cbl.  f.  Bakt.,  xxix.,  1901. 
Veiaaer  und  Wecnsberg:  Wirkungsart  bakteridder  Sera.    Mdnch.   med.   Wooh., 

1901. 
Voguchi:  The  Thermostabile  Anticomplementary  Constituents  of  the  Blood.    Jour. 

of  Ejcp.  Med.,  1906. 
Onpenheimer:  Toxine  und  Schutzstoffe.    BioL  Cbl.,  xix.,  1899  (Lit.). 
Fniifor,  L.:  Die  modeme  Immunit&tslehre.    Z.  f.  Hyg.,  43  Bd.,  1903. 
Piorkowaki:  Die  spezifischen  Sera.    C.  f.  Bakt.,  Kef.,  xxxi.,  1902. 
Ptdscher  und  Pappenkeim:    Die  theoretischen  Grundprinzipien  der  Lnmunit&ta- 

lehre.    FoL  haem.,  i.,  1904. 
Sadu:  Die  H&molysine  u.  ihre  Bed.  f.  d.  Immunitfttslehre.    ^nreb.  d.  a.  Path.,  vii., 

1902;  H&molysine  d.  normalen  Blutserums.    MOnch.  med.  Woch.,  1904. 
Silbersckmidt:  £i]^b.  a.  d.  Immunity tsforschung.    Korr.  f.  Schw.  Aerzte,  1902. 
TTklenkuth:  Pr&zipitine.    Eulenb.  Jahrb.,  ii,,  1904  (Lit.). 
Yaogkan  and  Wkeeler :  The  Effects  of  Egg-White  and  Its  Split  Products  on  Animals. 

Jour,  of  Inf.  Dis.,  1907. 
Waasermann:  Natfirl.  u.  kUnstL  Immunit&t.    Z.  f.  Hyg..  37  Bd.,  1901.    Agglutinine 

u.  Pr&zipitine.    lb.,  42  Bd.,  1903;  Die  Grundz(ige  a.  Lehre  v.  d.  ImmunitUt  u. 

Serumtherapie.   Z.  f.  &rztlich.  Fortbildung,  i.,  1904;    Giebt  es  ein  biologisches 

Differenzierungsverfahren   f.   Menschen-   u.   Tierblut  mittels    der    Prftzipitine? 

Deut.  med.  Woch.,  1904;  Entstehung  und  Wirkung  d.  aktiven  Stoffe  im  Immun- 

flerum.    C.  f.  B.,  xxxv.,  Ref.,  1904;  Antitoxische  Sera.    Handb.  d.  path.  Mikro- 
org., iv.,  Jena,  1904. 
Waigeort:  Arbeiten  z.  Theorie  d.  Antitoxinimmunit&t.    Ergebn.  d.  allg.   Path.,  iv. 

1899. 

Ler,  K.:  Serumdiagnose  verschied.  Blutarten.    Cbl.  f.  a.  Path.,  xiii.,  1902  (Lit.). 


CHAPTER  IV. 

Disturbances  in  the  Circulation  of  tlie  Blood  and  of 

the  Lymph. 

L  Qeneral  Disturbances  of  the  Ciicukitloo  Dependent  opon  Clianses 
in  tlie  Function  of  the  Heart,  Changes  in  tlie  Oeneral  VascoUr 
Resistance  and  Clianses  in  tiie  Jlass  of  the  Blood. 

§  34.  The  mass  of  blood  is  kept  constantly  in  motion  by  means  of  the 
rhythmical  contractions  of  the  auricles  and  ventricles  of  the  heart  The 
blood,  as  it  is  driven  into  the  elastic  tube  of  the  aorta  toward  the  periph- 
ery of  the  body,  meets  a  significant  degree  of  resistance,  which  is  caused 
by  the  friction  in  the  innumerable  divisions  and  subdivisions  of  the 
arterial  system.  This  resiatanoe  occasions  a  relatively  high  pressure 
throughout  the  entire  arterial  system,  which  in  the  human  femoral  artery 
equals  that  of  about  120  mm.  of  mercury.  After  passing  through  the 
capillaries  the  blood  arrives  in  the  veins  with  very  little  velocity,  and 
stands  in  the  veins  under  a  very  slight  pressure,  which  varies  according 
to  the  location  of  the  vein,  and  is  greatest  where  a  high  column  of 
blood  rests  upon  the  lumen  of  the  vein.  In  the  great  venous  trunks  in 
the  neighborhood  of  the  thorax  the  pressure  is  usually  n^ative,  espe- 
cially during  inspiration,  as  the  thorax  during  this  stage  of  respiration 
aspirates  the  blood  from  the  veins  lying  outside  of  the  chest.  Only  dur- 
ing forced  expiration  does  the  iK>sitive  pressure  in  the  veins  rise  some- 
what higher. 

Assuming  the  mass  of  the  blood  to  be  constant,  the  d^ree  of  pressure 
within  the  aorta,  at  any  given  moment,  is  dependent  upon  the  work  of  the 
heart  and  the  resistance  in  the  arterial  system.  The  latter  in  turn  is 
dei>endent  upon  the  variations  in  the  total  diameter  of  the  combined 
cross-sections  of  the  blood- vessels,  due  to  the  elasticity  and  contractility 
of  the  arteries.  In  the  major  circulation  the  arterial  tone  is  very  pro- 
nounced ;  in  the  lesser  circulation  it  is  slight,  the  blood-pressure  in  the 
pulmonary  artery  being  only  from  one-third  to  two-fifths  that  in  the 
aorta.  Both  the  heart  and  the  arteries  are  under  the  infiuence  of  the 
nervous  system,  which  regulates  their  activity. 

The  activity  of  the  heart  consists  in  rhythmical  contractions  of  its 
musculature ;  and  its  normal  efficiency  presupposes  that  the  heart-mus- 
cle, and  also  the  cardiac  ganglia,  are  sound.  Every  disease  of  the  heart, 
therefore,  in  so  far  as  it  diminishes  the  contractile  capacity  of  the  heart- 
muscle  and  lessens  the  activity  of  the  ganglion -cells,  and  in  so  far  as  a 
lessened  functional  activity  of  certain  parts  of  the  cardiac  muscle  is  not 
compensated  by  an  increased  activity  of  other  parts,  will  diminish  the 
functional  capacity  of  the  heart. 

In  many  cases  in  which  the  functional  capacity  of  the  heart-mnsde 
is  impaired,  certain  anatomical  changes,  such  as  fatty  degeneration  and 
necrosis  of  its  cells,  can  be  demonstrated;  in  other  cases  no  anatomical 
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changes  can  be  made  out,  especially  in  those  cases  in  which  the  diminu- 
tion of  working-capacity  follows  the  exhaustion  caused  by  excessive 
overexertion.  This  may  occur  when  the  heart  is  forced  to  work  for 
some  time  only  slightly  above  the  normal,  but  under  unfavorable  condi- 
tions, as,  for  example,  in  cases  of  elevation  of  the  body-temperature ;  as 
well  as  in  cases  when  for  a  short  period  it  is  overworked  to  an  excessive 
degiee.  Under  certain  conditions  disturbances  of  nutrition  and  intoxi- 
cations, such  as  occur  in  the  infectious  fevers,  as  well  as  a  sudden 
diminution  in  blood-supply  from  the  obstruction  of  a  coronary  artery, 
may  cause  an  insumciency  of  the  heart  within  so  short  a  time  that  the 
heart-muscle  presents  no  recognizable  anatomical  lesion.  The  work  of 
the  heart  may  also  be  made  difficult  at  times  through  the  formation  of 
adhesions  between  the  epicardium  and  pericardium,  and  between  the  lat- 
ter and  the  contiguous  pleura,  in  consequence  of  which  the  contractions 
of  the  heart  are  hindered. 

Through  the  collection  of  fluid  in  the  pericardial  sac  in  the  course 
of  certain  diseases,  further,  through  marked  deformities  of  the  thorax 
causing  an  abnormal  smallness  of  the  thoracic  cavity,  and  through  a  high 
position  of  the  diaphragm,  the  diastolic  dilatation  of  the  heart  and  the 
free  afflux  of  blood  from  the  veins  may  be  hindered  to  such  an  extent 
that  the  ventricles  receive  too  little  blood.  If,  following  pathological 
processes  in  the  heart- valves,  there  result  rents  or  distortions  of  the  flaps 
or  adhesions  between  them,  or  if  in  case  of  dilatations  of  the  heart  and 
the  valvular  orifices  the  valve-flaps  become  relatively  too  short,  there 
may  arise  those  conditions  of  the  auricular  and  ventricular  orifices  known 
as  insufficiency  and  stenosis.  The  former  condition  is  characterized  by 
a  failure  of  a  valve  to  close  completely  during  the  diastole  of  the  auricle 
or  ventricle  lying  behind  the  given  valve;  the  second  condition,  by  the 
fact  that  during  the  contraction  of  the  auricle  or  ventricle  the  valvular 
orifice  does  not  suffice  for  the  passage  of  the  blood  through  the  opening. 
The  effect  of  a  stenosis  is  that  of  opx>osing  additional  obstacles  to  the  out- 
flow of  the  blood  during  systole.  In  aortic  and  pulmonary  insufficiency 
the  blood  regurgitates,  during  the  ventricular  diastole,  back  from  the 
great  vessels  Into  the  ventricles ;  in  mitral  and  tricuspid  insufficiency  the 
systole  of  the  ventricle  causes  a  regurgitation  into  the  corresponding 
auricle. 

Finally,  there  are  not  infrequently  formed  in  the  heart  masses  of 
eoagula,  which  under  certain  conditions — ^in  case  they  lie  near  the  orifices 
—may  on  the  one  hand  interfere  with  the  proper  closing  of  the  valves, 
or  on  the  other  cause  a  narrowing  of  the  ostium. 

As  the  result  of  all  the  above-mentioned  pathological  conditions,  the 
efficiency  of  the  heart's  function  is  impaired,  so  that  in  a  given  time 
too  little  blood  passes  into  the  arterial  system,  the  aortic  pressure  conse- 
quently falls,  and  the  velocity  of  the  blood-current  is  diminished ;  while 
iu  the  venous  system  the  blood  collects  more  and  more,  and  the  venous 
pressure  rises.  There  is  consequentiy  an  inadequate  fitting  of  the  arteries 
throughout  the  entire  body,  varying,  indeed,  according  to  the  degree  of 
contraction  maintained  in  individu^  arterial  systems,  while  both  veins 
and  capillaries  are,  on  the  other  hand,  overfilled  with  blood.  There 
develops,  therefore,  a  condition  of  general  venous  hyperasmia,  which 
iu  some  parts  may  become  so  marked  that  the  tissue,  because  of  the  en- 
gorgement of  the  capillaries  with  venous  blood,  acquires  a  blue-red,  cya- 
notic appearance.  When  the  difference  in  pressure  between  the  arterial 
and  venous  systems  becomes  reduced  to  a  certain  minimum,  the  circula- 
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tion  comes  to  a  standstill,  while  the  right  side  of  the  heart  becomes 
greatly  distended  with  blood. 

Should  the  contractions  of  the  heart  from  any  cause  become  weak  and 
imperfect,  the  pulse-wave  also  becomes  small.  If  the  rate  of  the  heart- 
beat becomes  diminished  in  frequency,  the  arterial  system  empties  itself 
to  a  greater  extent  than  normally  during  the  pause  between  the  systoles. 

If  the  impairment  of  cardiac  efficiency  involves  the  left  heart  essen- 
tially, as  is  the  case,  for  instance,  in  valvular  disease  of  the  left  side,  the 
disturbance  of  circulation  is  manifest  first  in  the  systemic  arteries,  as 
well  as  in  the  pulmonary  vessela 

In  stenosis  of  the  aortic  valves,  the  arteries,  if  the  heart's  action  re- 
main unchanged,  fill  but  slowly  and  incompletely  (pulsus  tardus).  In 
aortic  insufficiency  a  normal  or  even  an  increased  amount  of  blood  is 
thrown  into  the  arteries  during  systole  (pulsus  celer),  but  a  part  of  this 
flows  back  again  during  diastole.  In  both  cases  the  left  ventricle  be- 
comes more  and  more  distended,  the  emptying  of  the  left  auricle  is  hin- 
dered, its  cavity  also  becomes  dilated,  and  finally  the  blood  is  backed  up 
in  the  pulmonary  veins.  Owing,  however,  to  the  low  pressure  in  the 
pulmonary  circulation,  the  blood  is  readily  dammed  back  upon  the  right 
ventricle,  and  the  blood  stasis  may  finally  extend  beyond  this  into  the 
right  auricle  and  into  the  systemic  veins. 

Valvular  lesions  at  the  mitral  orifice  produce  similar  effects  upon 
those  portions  of  the  circulatory  apparatus  lying  behind  the  left  auricle, 
as  in  such  cases  there  is  produced  also  a  condition  of  pulmonary  stasis, 
with  a  rise  of  pressure  in  the  pulmonary  arteries  and  veins;  while  the 
left  ventricle  either  receives  too  little  blood  (stenosis)  or  during  its  con- 
traction drives  a  portion  back  into  the  auricle  (insufficiency). 

In  valvular  lesions  of  the  orifices  of  the  right  heart  the  damming  back 
of  the  blood  is  limited  to  the  veins  of  the  systemic  circulation,  while  in 
the  pulmonary  circulation  both  pressure  and  velocity  are  diminished. 
Further,  the  pressure  in  the  aorta  also  falls,  since  the  left  side  of  the 
heart  receives  too  little  blood. 

The  damming  back  of  the  blood  in  the  great  systemic  veins  may 
manifest  itself  by  venous  pulmtiana  in  the  neighborhood  of  the  thorax,  in- 
asmuch as  retrograde  waves  of  pressure  proceeding  from  the  heart  may 
pass  through  the  veins  toward  the  capillaries,  distending  the  veins  to 
such  an  extent  that  the  venous  valves,  particularly  those  of  the  jugular 
bulb,  are  rendered  inadequate.  The  essential  condition  of  the  transmis- 
sion of  the  venous  pulsation  is  the  insufficiency  of  the  venous  valves. 
In  the  case  of  imperfect  function  of  the  valve  in  the  jugular  bulb,  a 
slight  pulsation  may  be  observed  even  during  normal  action  of  the  heart ; 
but  when  the  veins  are  distended,  and  particularly  in  the  case  of  tricus- 
pid insufficiency,  the  pulsation  becomes  much  stronger  and  extends 
further  toward  the  periphery.  If  the  tricuspid  is  adequate  the  venous 
pulsation  (presystolic)  is  only  the  expression  of  the  rhythmical  occur- 
rence of  a  hindrance  to  the  outflow  of  blood  from  the  veins  (n^ative  or 
normal  venous  pulse).  In  tricuspid  insufficiency  the  contraction  of  the 
right  ventricle  forces  blood  back  through  the  tricuspid  opening  into  the 
right  auricle  and  into  the  veins  beyond,  giving  rise  to  a  systolic  venous 
pulsation  (positive  venous  pulse). 

If  in  a  heart  affected  with  a  valvular  lesion  the  chambers  lying  be- 
hind the  lesion  become  distended  with  blood,  the  muscular  walls  of  these 
chambers,  in  case  they  are  otherwise  normal,  may  by  an  increased  ac- 
tivity compensate  for  the  valvular  lesion  within  certain  limits.     In  the 


IMPAIRMENT   OP   CARDIAC   FUNCTION.  127 

course  of  time  there  results  an  increase  in  the  volume  of  the  heart-mus- 
cle, a  hypertrophy  of  the  heart-muscle,  which  enables  the  heart  to  carry 
on  its  increased  work  for  an  indefinite  period.  Such  compensation  f re- 
qnently  becomes  inadequate,  with  the  result  that  the  aortic  pre^ure  is 
permanently  lowered,  while  the  venous  pressure,  on  the  other  hand,  is 
abnormally  high.  There  is,  at  the  same  time,  the  danger  that  the  heart- 
muscle  may  in  time  become  exhausted,  or  that  a  very  slight  illness  may 
render  the  heart  insufficient.  Thus,  for  example,  a  prolonged  quicken- 
ing of  the  heart's  rate,  by  shortening  the  diastolic  i)eriods  of  rest,  may 
cause  cardiac  exhaustion  and  insufficiency.  Arrest  of  the  heart's  action 
finally  follows,  with  great  accumulation  of  blood  in  the  heart,  since  the 
heart  is  no  longer  able  to  drive  onward  the  mass  of  blood  entering  it. 

An  increase  of  the  heart's  action-^that  is,  an  increase  in  the  fre- 
quency of  the  heart's  contractions,  these  at  the  same  time  remaining 
strong  and  complete — causes  an  increase  in  arterial  pressure  and  an  in- 
creased velocity  of  the  blood-current.  When  increased  demands  are  fre- 
quently made  upon  the  left  side  of  the  heart — as  frequently  hapx)ens  in 
heavy  bodily  labor,  conditions  of  luxurious  living,  abnormal  irritability 
of  the  cardiac  nerves,  etc. — the  left  ventricle  may  become  hypertrophic 
and  act  permanently  with  greater  force.  Inasmuch  as  the  quickening  of 
the  blood-stream  causes  the  right  heart  to  receive  a  greater  amount  of 
blood  during  diastole,  a  hyiMjrtrophy  of  the  right  ventricle  is  usually 
found  in  connection  with  the  hypertrophy  of  the  left  ventricle. 

Lessening:  of  the  mass  of  blood  or  general  anaemia  from  the  loss  of 
blood  leads  temporarily  to  a  fall  of  pressure  in  the  aorta;  but  if  the  loss 
0^  blood  was  not  excessive,  the  blood-pressure  rises  again,  as  the  vessels 
adapt  themselves  to  the  changed  conditions,  and,  as  the  result  of  the 
stimulation  of  the  vasomotor  centre  through  local  anaemia,  show  a 
greater  degree  of  contraction.  Under  normal  conditions  the  mass  of  blood 
is  quickly  increased  through  the  absorption  of  fluids,  and  later  by  a  re- 
generation of  the  blood.  Similarly,  in  anhydrcemla — i.e.,  a  diminution 
of  the  water  of  the  blood — the  arterial  pressure  is  lowered  and  the  blood- 
current  slowed.  After  severe  haemorrhages  the  arterial  pressure  is  low- 
ered for  a  greater  length  of  time,  the  circulation  is  slowed,  and  the  pulse, 
because  of  the  lessened  stimulation  of  the  vagus-centre  (Cohnheim),  is 
frequent  and  small. 

In  the  case  of  lasting  diminution  of  the  blood-mass — i.e.,  the  condi- 
tion known  as  chronic  anaemia,  which  occurs  under  varying  conditions 
— ^the  vascular  system  is  imperfectly  filled,  the  blood-pressure  lowered, 
and  the  blood-current  slowed.  Both  heart  and  blood-vessels  adapt  them- 
selves to  the  new  conditions  and  become  diminished  in  volume.  In  the 
case  of  a  marked  deficiency  of  haemoglobin,  degenerations  of  the  heart- 
muscle,  particularly  fatty  degeneration,  frequently  occur. 

Increase  in  the  mass  of  the  blood,  through  the  injection  of  blood  or 
Bait -solution  into  the  blood-vessels,  is  foUowc^d  in  animals  by  only  a  tem- 
porary increase  in  pressure  and  in  the  velocity  of  the  blood-current.  A 
return  to  the  normal  is  brought  about,  partly  by  the  dilatation  of  a  part 
of  the  vascular  system,  particularly  in  the  abdomen,  and  partly  through 
the  elimination  of  the  surplus  from  the  vessels.  If  the  mass  of  blood,  as 
the  result  of  some  especial  predisposition  or  of  high  living,  comes  to 
stand  in  an  abnormally  high  porportion  to  the  body-weight,  if  there 
exists  a  permanent  plethora,  the  pressure  in  the  aorta  becomes  perma- 
nently raised,  the  work  of  the  heart  is  permanently  increased,  and  there 
develops  a  corresponding  hypertrophy  of  the  heart. 
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When  the  arterial  blood-pressure  is  raised  there  occurs  an  increased  giving-off 
of  fluid  from  the  blood,  and  thereby  a  concentration  and  diminution  in  the  amount  of 
the  venous  blood;  in  lowering  of  the  blood-pressure  the  amount  of  fluid  given  off  is 
diminished  and  eventually  an  increased  taking-up  of  fluid  occurs.  This  change  in  the 
venous  blood  is  under  normal  conditions  oompiensated  for  in  the  lungs:  in  the  first 
case,  through  a  taking-up  of  lymph  from  the  lymphatics;  in  the  second  case,  through  a 
givine-off  of  lymph  to  the  lymphatics  (^ess;  ''Beeinflussune  des  FlOssigkeitsaus- 
tausches  zwischen  Blut  u.  Geweben  durch  Schwankimgen  des  Blutdruckes."  D.  Arch, 
/.  kUn.  Med,,  Bd.  79,  1903). 

§35.  Increase  of  the  general  vascular  resistance  may  occur  in 
either  the  greater  or  the  lesser  circulation,  and  results  in  an  increased 
pressure  behind  the  point  of  increased  resistance,  and  a  diminished  press* 
ure  beyond  it. 

In  the  systemic  circulation  the  hindrance  may  lie  either  in  the  main 
vessel,  the  aorta,  or  in  the  arterial  branches,  whose  degree  of  contraction 
maintains  and  governs  the  normal  pressure  in  the  aorta.  Vascular  con- 
traction involving  a  great  number  of  arteries  and  their  branches,  and 
sufficiently  well  marked  to  increase  the  blood-pressure,  is  generally  a 
temporary  phenomenon,  passing  off  with  the  relaxation  of  the  arterial 
tension.  Nevertheless,  a  permanent  increase  in  the  aortic  pressure  with 
consequent  hyx)ertrophy  of  the  left  ventricle  does  occur;  and  this  cannot 
be  explained  otherwise  than  as  the  result  of  the  contraction  of  the  lumen 
of  the  smaller  arteries.  Transitory  arterial  contraction  and  increase  of 
pressure  occur  particularly  through  an  increase  of  the  amount  of  car- 
bonic acid  contained  in  the  blood.  A  permanent  increase  of  aortic 
pressure  is,  on  the  other  hand,  a  result  of  chronic  diseases  of  the  kidney, 
in  which  the  secreting  parenchyma  is  destroyed.  Inasmuch  as  the  por- 
tion of  the  vascular  system  which  is  thus  cut  off  is  much  too  small  to 
cause  such  an  increase  of  pressure  throughout  the  whole  aortic  system, 
since  the  vessels  leading  to  other  organs  might  become  correspondingly 
dilated,  it  must  be  assumed  that  in  the  case  of  contracted  kidney  some 
other  hindrance  to  the  circulation  occurs  throughout  more  extensive 
vascular  areas.  This  hindrance  would  most  naturally  be  sought  in  the 
apparatus  which  normally  serves  to  keep  the  aortic  pressure  at  its  proper 
height,  namely,  in  the  smaller  arteries  of  the  body.  Whether  the  condi- 
tion is  caused  by  nervous  stimuli  arising  in  the  kidney,  or  by  the  action 
of  retained  urinary  substances  upon  the  vasomotor  centres  or  directly 
upon  the  vessel- walls,  or  whether  the  heart  is  excited  by  nervous  stimuli 
to  increased  action,  we  are  not  at  present  able  to  say. 

Increase  of  resistance  in  the  aorta  may  result  from  stenosis  of  this 
vessel,  as  occurs  in  rare  cases  at  the  isthmus,  or  from  congenital  narrow- 
ings  of  the  whole  aorta,  large  aortic  thrombi,  or  from  extensive  disease  of 
the  vessel -wall,  in  consequence  of  which  the  intima  is  rough  and  nodu- 
lar, the  entire  vessel  rigid,  inelastic,  and  unyielding ;  or,  finally,  from  a 
general  dilatation  of  the  vessel,  whereby  eddies  are  formed  in  the  blood- 
stream. 

Lowering  of  the  total  resistance  In  the  systemic  circulation  is  pos- 
sible through  the  relaxation  of  the  tone  of  a  large  part  of  the  arteries, 
and  this  event  may  happen  when  the  vasomotor  centre  is  paralyzed,  or 
when  the  cervical  cord  is  divided  or  partly  destroyed  through  any  other 
process.  Since  the  blood,  in  this  case,  flows  abnormally  quickly  from 
the  arteries  into  the  veins,  the  difference  in  blood-pressure  between  the 
arteries  and  veins  is  lessened,  the  current  becomes  slower,  the  heart  re- 
ceives too  little  blood  during  diastole,  and,  finally,  the  circulation  may 
come  to  a  standstill. 
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Increase  of  the  resistance  in  the  pulmonary  circulation  occurs  most 
frequently  as  the  result  of  disease  of  the  lungs  and  pleura.  Adhesions 
of  the  pleura,  as  well  as  spinal  curvatures,  which  hinder  the  expansion 
of  the  lungs  and  their  change  of  volume  during  inspiration,  thereby  de- 
priving the  circulation  of  an  efficient  aid,  may  cause  such  increase  of 
pulmonary  resistance.  Of  great  influence,  moreover,  are  such  affections 
of  the  lung  as  idiopathic  emphysema,  retractions  and  indurations  of  the 
lung,  and  destruction  of  lung-tissue — ^all  of  which  lead  to  the  oblitera- 
tion of  a  portion  of  the  pulmonary  capillaries ;  further,  compression  of 
the  lung  through  pleural  exudate;  and,  finally,  compression  of  the  pul- 
monary arteries  by  aortic  aneurism  or  by  tumors. 

If  the  hindrance  is  only  slight,  the  blood  may  make  for  itself  a  new 
passage  to  the  left  heart  without  any  increase  of  pressure ;  the  rate  of  the 
current  in  the  blood-vessels  which  are  unobstructed  alone  being  increased. 
Greater  obstacles  cause  an  increase  of  pressure  in  the  pulmonary  artery 
aud  the  right  heart,  and  if  the  condition  persists  for  some  time  the  right 
ventricle  through  Increased  exertion  may  become  hypertrophic.  This 
can  occur,  however,  only  when  the  heart-muscle  is  adequately  nourished 
and  when  the  mass  of  the  blood  is  not  diminished  to  correspond  to  the 
diminution  of  the  area  of  the  pulmonary  vessels.  If  the  right  heart  is 
not  able  to  overcome  the  obstacles  in  the  pulmonary  circulation,  the 
blood  is  dammed  back  upon  the  right;  heart,  and  eventually  upon  the 
systemic  veins. 

An  increase  of  the  pressure  in  the  right  side  of  the  thorax  hinders  the  en- 
trance of  the  venous  blood  into  the  right  heart,  and  causes  an  accumula- 
tion of  blood  in  the  systemic  veins.  A  sudden  increase  of  pressure  may 
cause  a  retrograde  flow  of  blood  into  the  neighboring  veins. 

According  to  the  investigations  of  liomherg,  Pdsder,  Bruhns^  and  MUller^  pneumo- 
cocci,  diphtheria-bacilli,  and  the  BaciUus  pyocyaneus  injure  the  circulatory  apparatus 
of  the  rabbit  (leaving  out  of  the  question  the  dilatations  of  the  heart  that  occur  particu- 
larly in  diphtheria) ,  in  that  they  cause  paralysis  of  the  vasomotor  centres  in  the  medulla. 
This  paralysis  leads  to  a  diminution  of  the  arterial  blood-pressure  and  to  a  change  in 
the  distribution  of  the  blood.  The  splanchnic  vessels  become  overfilled,  the  vessels  of 
the  brain,  skin,  and  the  muscles. become  emptv.  The  heart  is  not  concerned  in  this 
disturbance  of  the  circulation.  In  general,  it  is  affected  secondarily  as  a  result  of  the 
deficient  flow  of  blood  due  to  the  vasomotor  paralysis.  A  central  paralysis  of  tfie  wtso- 
moU/rs  is  also  responsible  for  the  circulatory  disturbances  occurring  in  the  acute  infec- 
tions ;  and  is  the  chief  cause  of  the  failure  of  the  circulation. 

The  observation  that  hypertrophy  of  the  heart  follows  different  diseases  of  the 
kidneys  has  been  interpreted  in  various  ways.  Some  writers  seek  the  cause  in  an  in- 
crease of  the  volume  of  the  blood  {Travbe^  Bamberger)^  others  {Senator,  Ewald)  believe 
it  to  be  due  to  the  changed  chai*acter  of  the  blood,  while  others  {Oull  and  Sutton) 
a.scribe  it  to  a  widespread  change  in  the  walls  of  the  small  arteries.  Buhl  holds  that  it 
is  due  to  the  over-nourishment  of  the  heart.  According  to  the  investigations  made  up 
to  the  present  time,  there  can  be  no  doubt  that  the  hypertrophy  of  the  heart  in  diseases 
of  the  kidney  is  dependent  upon  an  increase  of  the  aortic  pressure.  This  increase  is 
best  explained  by  an  increase  of  the  resistance  in  the  small  arteries  of  the  entire  body, 
dac  to  the  contraction  of  the  ^mall  arteries.  This  contraction  must  be  brought  about 
either  through  the  direct  action  of  the  urinary  substances  contained  in  the  blood  or  by 
some  reflex  stimulus  from  the  kidneys,  or  finally  by  some  influence  exerted  upon  the 
vasomotor  centre.  It  is  possible  that  the  heart  also  may  be  excited  to  increased 
activity. 
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II.  Local  Hyperiemia  and   Local  Ansmia. 

§  36.  To  the  blood  is  assigned  the  function  of  supplying  all  the  or- 
gans and  tissues  of  the  body  with  nourishment.  The  cells  and  cellular 
structures  of  which  the  various  tissues  are  composed  are  able  to  maintain 
their  existence  without  the  advent  of  fresh  nutritive  material  only  for  a 
short  time ;  and  for  this  reason  the  majority  of  the  tissues  are  supplied 
with  blood-vessels,  and  those  not  possessing  vessels  of  their  own  are 
placed  in  the  most  intimate  connection  with  vascular  structures. 

The  demands  of  the  different  tissues  for  blood  are  not  always  the 
same,  and  there  is  consequently  in  the  various  tissues  a  corresponding 
increase  or  decrease  in  the  afflux  of  blood  and  in  the  amount  of  blood 
contained  within  an  organ  or  tissue  at  any  given  moment.  An  organ 
rich  in  blood  is  designate  as  hypersmic;  one  poor  in  blood  as  ansmk. 

The  regulation  of  the  amount  of  blood  which  an  organ  receives  under 
physiological  conditions  is  brought  about  by  a  change  of  the  resistance 
in  the  afferent  arteries;  and  this  change  is  effected  entirely  through  a 
variation  in  the  calibre  of  the  arteries.  Since  the  total  mass  of  tiie 
blood  in  the  body  is  not  sufficient  to  fill  all  the  vessels  at  the  same  time, 
an  extra  supply  of  blood  to  one  organ  is  possible  only  by  supplying  a 
less  amount  of  blood  to  other  parts.  The  change  in  the  calibre  of  an 
artery  is  determined,  aside  from  the  blood-pressure,  by  the  elasticity  of 
the  artery-wall  and  the  degree  of  contraction  of  its  smooth  muscle-fibres. 
These  fibres  are  the  regulating  element;  their  activity  is  dependent 
partly  upon  influences  affecting  them  directly,  and  partly  upon  ner- 
vous influences  from  the  intravascular  plexuses  and  from  the  vasomotor 
centres  in  the  medulla  oblongata  and  in  the  spinal  cord,  some  of  these 
stimulating,  others  inhibiting  the  muscular  action. 

When  the  departures  from  the  average  blood-supply  of  any  part  of 
the  body  overstep  the  physiological  limits,  or  if  such  variations  arise 
without  physiological  causes,  or  are  unduly  prolonged,  the  condition  is 
spoken  of  as  pathological  hyperemia  and  pathological  anieitiia.  The^ 
conditions  are  in  part  brought  about  by  the  same  regulating  inechanism 
which  governs  the  normal  blood-supply  of  an  organ. 

Hypenemia  of  an  organ  is  caused  under  patholos^ical  conditions 
either  by  an  increase  in  the  arterial  supply  or  through  an  obstruction 
and  damming-back  of  the  venous  outflow ;  and  there  are  distinguished, 
accordingly,  two  forms,  an  (wtive  or  congesUm  (^arteriaZ)  hyiperwniia  and 
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a  passive  or  stagnation  [venous)  hypercemia.  Active  hyperaemia  arises 
throagh  an  increase  of  the  affltix  of  blood  {congestion),  and  may  be 
either  idiopathic  or  coUaieral.  The  first  of  these  plays  the  more  im- 
portant rdle.  It  depends  upon  a  relaxation  of  the  muscular  tunics  of 
the  artery,  which  may  be  brought  about  either  by  paralysis  of  the  vaso- 
constrictors  {neuroparalytic  congestion),  or  through  a  stimulation  of  the  vaso- 
fUlators  (neurotic  congestion),  or  through  direct  weakening  21,116.  paralysis  of 
the  musdes  (as,  for  instance,  by  heat,  bruising,  action  of  atropine,  brief 
interruptions  of  the  blood-current),  or,  finally,  through  a  diminution  of 
the  external  pressure  exerted  upon  the  vessels.  Collateral  hyperasmia  is 
merely  the  result  of  a  diminished  flow  of  blood  to  other  parts.  It  oc- 
cnrs  first  in  the  immediate  neighborhood  of  the  parts  whose  blood- 
supply  is  lessened ;  later,  the  blood  may  be  driven  also  to  such  other 
more  distant  organs  as  may  require  it. 

Active  hypersemia  is  characterized  by  a  more  or  less  marked  redness  and 
siceUing  of  the  part,  which  are  very  striking  in  tissues  rich  in  blood-ves- 
sels. The  blood  flows  through  the  widened  channels  with  increased 
velocity,  and  gives  to  the  tissue  the  color  of  arterial  blood.  Superficial 
tissues  which  are  exposed  to  cooling  become  as  a  result  of  the  increased 
blood-supply  warmer  than  the  neighboring  tissues  which  are  less  richly 
supplied. 

Passive  Hyperasmia  arises  through  the  retardation  or  obstruction  of 
the  flow  of  blood  fromthe  veins.  A  general  passive  congestion  of  tKe  systemic 
veins  occurs  in  those  cases  in  which,  through  weakness  of  the  heart's  ac- 
tion, valvular  insufficiency  or  stenosis,  or  obstructions  to  the  pulmonary 
circulation,  the  emptying  of  the  large  veins  into  the  right  heart  is  hin- 
dered. In  the  pulmonary  circulation  stagnation  of  the  blood-stream 
may  be  brought  about  by  any  cause  hindering  the  outflow  of  blood  from 
the  lungs,  particularly  valvular  lesions  of  the  left  heart,  weakness  of  the 
left  side  of  the  heart,  and,  more  rarely,  obstructions  in  the  systemic 
arteries.  Not  infrequently  such  a  stasis  of  the  pulmonary  circulation 
may  reach  such  a  degree  that  the  blood  is  dammed  back  into  the  right 
heart,  and  into  the  veins  of  the  systemic  circulation  (see  §§  34  and  35). 

Local  passive  congestion  may  arise  directly  from  the  fact  that  the 
progress  of  blood  through  the  veins  is  not  adequately  supported  by  the 
activity  of  the  muscles  and  the  aspiration  of  the  blood  from  the  veins  dur- 
ing the  inspiratory  enlargement  of  the  thorax.  The  absence  of  the  first 
factor  is  most  apparent  in  the  case  of  the  branches  of  the  inferior  vena 
cava;  as,  for  example,  in  individuals  who  pass  a  large  part'  of  their  time 
sitting  or  standing  without  active  bodily  exercise,  so  that  the  emptying 
of  the  deep-seated  venous  branches  into  the  vena  cava  is  dependent  al- 
most wholly  upon  the  activity  of  the  vein-walls,  which  by  virtue  of  their 
elasticity  and  contractility  work  against  the  pressure  of  the  column  of 
blood  resting  upon  them.  The  absence  of  the  inspiratory  aspiration  of 
the  venous  blood  may,  on  the  other  hand,  make  itself  felt  in  disturbance 
of  inspiration  through  inflammation  or  other  disease-processes  of  the 
lungs  or  pleura. 

A  further  cause  of  local  passive  hypercemia  consists  in  the  narrowii^g 
or  closing  of  individual  veins,  as  in  the  case  of  compression,  ligation, 
formation  of  thrombi  (§  38),  and  the  invasion  of  the  veins  by  new- 
growths.  For  example,  the  pregnant  uterus  or  a  pelvic  tumor  may  com- 
press the  pelvic  veins,  a  thrombus  may  obstruct  the  cerebral  sinuses  or 
the  femoral  or  portal  veins,  or  a  sarcoma  of  the  pelvis  may  grow  into 
the  large  i)elvic  veins. 
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When  through  the  above-mentioned  prooesses  or  through  ligation, 
single  veins  become  occluded,  the  effect  of  the  occlusion  is  often  veiy 
insignificant,  inasmuch  as  the  veins  concerned  may  possess  free  commu- 
nication with  other  veins,  so  that  but  slight  obstruction  is  oftered  to  the 
outflow  of  the  blood.  If,  on  the  other  hand,  the  occluded  vein  possesses 
no  collateral  communications,  or  very  small  ones  which  are  inadequate 
for  the  passage  of  the  blood — as,  for  instance,  is  the  case  with  the  main 
divisions  of  the  portal  vein,  the  sinus  of  the  dura  mater,  the  femoral  and 
the  renal  veins — there  results  a  more  or  less  marked  passive  congestion 
in  the  area  supplying  the  given  vein. 

The  effect  of  an  obstacle  to  the  outflow  of  blood  shows  itself  fiist  in 
that  portion  of  the  vein  lying  between  the  obstruction  and  the  periph- 
ery, the  blood-current  becoming  slowed  or  checked  entirely,  while  at  the 
same  time  there  follows  a  progressive  filling  and  dilatation  of  the  veins 
through  the  continued  afilux  of  blood  from  the  capillaries.  If  through 
the  counteractive  effect  of  the  increasing  tension  of  the  elastic  and  con- 
tractile vein-walls  the  obstacle  is  overcome,  the  circulation  is  main- 
tained, and  the  blood  flows  toward  the  heart  through  the  channels  which 
it  still  finds  open.  Not  infrequently  the  small  veins  thus  called  upon  to 
perform  this  increased  labor  become  gradually  much  dilated,  and  are 
converted  into  larger  veins.  When  the  obstacle  cannot  be  overcome  and 
communicating  vessels  capable  of  dilatation  are  not  present,  the  circula- 
tion comes  to  a  standstill,  and  a  condition  of  stasis  (§  40)  or  thrombosis 
(§  38)  is  produced  in  the  obstructed  vessel  and  its  tributaries. 

If  the  congestion  within  a  venous  area  extends  to  the  capillaries,  so 
that  they  become  overfilled  with  blood,  the  affected  tissue  becomes  blue- 
red  or  cyanotic,  exhibiting  at  the  same  time  a  certain  degree  of  swening. 

Both  active  and  passive  hypersemia,  observed  during  life,  may,  after 
death,  show  a  very  different  appearance,  and  not  infrequently  disappear 
entirely.  This  is  especially  the  case  in  the  active  hyperjemias  of  the 
skin,  in  part  also  in  those  of  the  mucous  membranes.  This  is  dependent 
upon  the  fact  that  the  tissues,  put  upon  the  stretch  by  the  dilatation  of 
the  capillaries,  contract  upon  the  latter,  after  the  stoppage  of  the  cir- 
culation, and  by  their  counter-pressure  drive  the  blood  from  the  capil- 
laries into  the  veius.  In  this  way  a  tissue  which  was  red  during  life 
may  become  pale  after  death.  On  the  other  hand,  tissues  which  during 
life  were  pale  or  at  least  showed  no  especial  redness,  may  after  death 
take  on  a  blue-red  color.  This  takes  place  particularly  upon  the  sides 
and  back  of  the  trunk  (in  those  parts  not  pressed  upon  by  the  body- 
weight),  on  the  neck,  and  the  posterior  aspects  of  the  extremities  of 
cadavers  lying  upon  their  backs;  and  is  to  be  explained  by  the  fact  that 
after  death  the  blood  sinks  to  the  most  dependent  parts  of  the  body,  and 
fills  not  only  the  veins,  but  finally  also  the  capillaries.  This  phenome- 
non is  known  as  post-mortem  hypostasis,  and  the  areas  of  discoloration 
as  "death-spots"  or  livores.  They  appear  within  abotit  three  hours 
after  death,  and  are  the  more  pronounced  the  greater  the  amount  of 
blood  contained  in  the  skin  and  subcutaneous  tissues  at  the  time  of  death. 

In  the  internal  organs  post-mortem  hypostasis  is  jjarticularly  notice- 
able in  the  pia  mater,  the  dependent  veins  being  usually  more  markedly 
distended  with  blood  than  those  situated  higher.  In  the  lungs  the  set- 
tling  of  the  blood  causes  an  engorgement  not  only  of  the  veins,  bat  also 
of  the  capillaries. 

If  the  general  circulation  during  life,  as  a  result  of  cardiac  insuffi- 
ciency, is  imperfect,  and  there  results  a  general  passive  congestion,  the 
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blood  may  also  collect  in  the  dependent  portions  of  the  body,  partly  be- 
cause it  is  not  driven  out  of  them,  and  partly  because  it  sinks  into  these 
parts  from  those  situated  on  a  higher  level.  This  phenomenon  is  also 
known  as  hypostasis*  and  occurs  particularly  in  the  lungs  (hi^podatic 
congestion). 

For  the  observation  of  the  circulation  and  its  disturbances  during  life  the  tongue 
or  the  web  of  the  curarized  frog,  properly  spread  upon  a  glass  plate,  may  be  used 
{Cohn/i€tm,  Virch.  Arch.,  Bd.  40).  This  may  be  done  in  a  very  simple  manner  bv  draw- 
ing  the  frog's  tongue  over  a  cork  ring,  which  is  cemented  to  a  glass  plate,  and  fasten- 
ing it  to  the  sides  of  the  ring  with  pins.  The  pulwiting  arterial  current  and  the  con- 
tinuous venous  stream  possess  a  clear  zone  of  blood-plasma,  in  both  the  normal  and 
the  quickened  circulation.  If,  through  the  ligation  of  the  efferent  veii)S  of  the  tongue, 
passive  congestion  is  produced  and  the  current  slowed,  the  plasma-zone  in  the  veins  is 
lost,  and  both  veins  and  capillaries  become  greatly  distended  with  accumulated  red 
cells.  After  a  certain  time  the  tongue  swells  as  the  result  of  an  infiltration  with  trans- 
uded fluid. 

According  to  the  investigations  of  van  Landerer  C^Die  Gewcbsspannung,"  Leipzig, 
1884),  the  wall  of  a  capillary  vessel  embedded  in  tissue  supports  only  from  one-third 
to  one-half  of  the  blood-pressure.  The  remaining  portion  is  borne  by  the  tissues,  which 
afford  an  elastic  resistance,  and  thereby  maintain  the  tension  which  is  necessary  to  keep 
the  blood  in  motion.  In  both  active  and  passive  hypercemia  both  the  tissue-pressure 
and  the  tissue-tension  are  increased ;  in  ansmia  they  are  diminished. 

§  37.  Local  anaemia  or  ischsmia,  the  lack  of  proper  blood-supply 
to  a  tissue,  is  always  the  result  of  a  diminution  in  the  afflux  of  blood. 
If  the  total  mass  of  the  blood  is  normal,  the  cause  of  .the  aueemia  is 
purely  local ;  if  there  is  a  general  poverty  of  blood,  the  local  anssmia,  in 
part  at  least,  is  secondary. 

The  patholos^ical  diminution  in  the  blood-supply  to  an  organ  is  at 
times  merely  the  result  of  an  abnormal  increase  of  the  arterial  resistance^ 
due  to  the  contraction  of  the  circular  muscular  coat.  According  to 
Strieker,  Steinach,  and  Kahn,  the  capillaries  also  possess  a  power  of  con- 
tractility which  is  under  the  influence  of  the  nervous  system.  In  other 
aise^ pathological  obstructions — such  as  compression  of  the  arteries,  narrow- 
ing of  the  arterial  lumen  through  pathological  changes  in  the  vessel-walls, 
deposits  on  the  inner  surfaces  of  the  arteries,  occlusion  of  the  vessels  by 
eml)oli  (see  Fig.  2,  p.  65),  etc.— may  act  as  hindmnces  to  the  blood- 
stream. 

The  immediate  result  of  the  narrowing  of  an  artery  is  always  a  slow- 
ing and  diminution  of  the  blood-stream  beyond  the  point  of  constriction. 
Complete  occlusion  of  an  artery  brings  the  circulation  beyond  the  obstruc- 
tion to  an  immediate  standstill.  If  back  of  the  point  of  constriction  or 
occlusion  the  artery  is  provided  with  large  arterial  communicating 
branches— the  so-called  arterial  collaterals— the  disturbance  of  the  circu- 
lation may  be  compensated  by  an  increased  afflux  of  blood  through  the 
collateral  arteries ;  and  this  compensjitiou  is  the  more  complete  the  larger 
and  the  more  distensible  are  the  collaterals.  If  the  narrowed  or  occluded 
artery  iwssesses  no  collateral  branches  in  its  area  of  distribution — if  it  is 
a  so-called  terminal  artery — the  slowing  or  cessation  of  the  circulation  be- 
yond the  point  of  obstruction  or  occlusion  cannot  immediately  be  done 
away  with,  and  the  affected  vascular  area  becomes  partly  or  wholly  emp- 
tied of  blood,  in  that,  through  the  contraction  of  the  arteries  and  the 
pressure  of  the  tissue  on  the  capillaries  and  veins,  the  blood  is  almost 
wholly  driven  out  of  the  area  supplied  by  the  obstructed  artery.  Fre- 
quently there  occurs  after  a  time  an  afflux  of  blood  from  the  neighboring 
capillaries. 

WTien  the  current  and  the  pressure  beyond  a  constricted  point  have 
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sunk  to  a  certain  minimmii,  the  driving  force  gradnaily  becomes  nnable 
to  propel  the  mass  of  blood.  The  red  corpnscTeSy  in  particular,  cease  to 
move,  and  collect  in  the  veins  and  capillaries,  so  that  the  area  mqfplied 
hy  the  artery  tn  quettUm  becomew  ogam  filed  with  Uood  ;  only  not  with  cir- 
colating,  but  with  stagnant  blood.  The  tame  thing  ocmrs  wheny  after  com- 
plete ocdumon  of  a  termimdl  artery^  the  blood  slowly  and  under  low  press- 
ure enters  the  vessels  of  the  affected  area  from  onall  arteries  incapable 
of  adequate  enlargement,  or  merely  through  anastCMnosing  capillaries. 
Finally,  an  accumulation  of  blood  within  the  anaemic  area  may  also  oc- 
cur by  a  reflux  from  the  veins.  This  takes  place  when  the  intravascu- 
lar pressure  within  this  area  has  sunk  to  nothing  in  the  arteries  and 
capillaries,  while  in  the  veins  a  positive  pressure  exists.  A  condition  of 
passive  congestion  in  the  veins  favors  such  a  reflux. 

A  further  cause  of  anaemia  of  one  organ  may  be  found  in  the  abnor- 
mal congestion  of  other  organs*  as  in  that  case  the  total  mass  of  the 
blood  is  not  sufficient  to  supply  adequately  the  remaining  organs.  Such 
an  anaemia  is  designated  collateral  ancemia. 

All  qtujemic  tissues  are  characterized  hj  paleness.  At  the  same  time 
they  are  flabby,  not  turgesceut,  and  show  their  individual  color  more 
distinctly. 

The  significance  of  isciueniia  lies  especially  in  the  fact  that,  on  ac- 
count of  the  need  of  the  tissues  for  a  continuous  supply  of  oxygen  and 
food-material,  the  persistence  for  a  certain  length  of  time  of  the  condi- 
tion of  imperfect  blood-supply  brings  about  Ussue-degeneralions  (compare 
§  1).  Total  arrest  of  the  blood-supply  leads  in  a  short  time  to  the  death 
of  the  tissue  involved.  If  the  blood  comes  to  flow  anew  into  the  degen- 
erating and  dying  tissues  in  the  area  of  distribution  of  an  obstructed  ves- 
sel, and  there  stagnates,  an  extravasation  of  blood  into  the  tissue  may 
take  place,  leading  to  the  formation  of  a  hamorrhagic  infarct  (compare 
§44). 

The  rapidity  and  completeness  of  the  development  cfa  eoUateral  dreulation  after  the 
occlnsion  of  an  artery  depends  upon  the  size  and  distensibility  of  Uiose  vessels  which 
are  in  communication  with  those  of  the  antemic  area.  If  these  are  numerous  and  dis- 
tensible, the  aniemic  area  is  soon  again  supplied  with  an  approximately  normal  Yolume 
of  blood.  If  this  is  not  the  case  the  disturbance  of  the  circulation  is  more  slowlir  com- 
pensated ;  and  the  stasis  and  increased  pressure  are  found  to  extend  farther  back  from 
the  point  of  obstruction  toward  the  heart,  so  that  a  collateral  hypenemia  occurs  in  ves- 
sels situated  farther  back  toward  the  hesut.  In  the  further  course  of  the  process  of 
re-establishing  the  circulation  the  resulting  increase  of  volume  and  velocity  remains 
confined  to  such  vessels  as  communicate  with  the  area  of  the  obstructed  artery,  that  is, 
confined  to  the  capillary  and  arterial  anastomoses,  where  the  increase  of  volume  and 
velocity  become  permanent.  This  leads  further  to  a  lasting  dilatation  of  the  vessels 
concerned,  and  at  the  same  time  to  an  increase  in  the  vessel-walls,  not  only  in  Uuckness, 
but  also  in  length,  as  is  evident  from  the  increased  tortuosity  of  the  vessels.  Accord- 
ing  to  Nothnagel,  the  phenomenon  of  the  increase  in  thickness  of  the  walls  of  the  anas- 
tomosing arteries  may  be  demonstrated  in  the  case  of  rabbits  in  about  six  days  after 
the  ligation  of  an  artery ;  and  after  the  ligation  of  large  vessels  in  their  continuity^  the 
small  arteries  which  carry  on  the  collateral  circulation  become  dumged  in  the  course 
of  a  few  weeks,  into  quite  capacious,  thick-walled  arteries. 
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III.  CoaKulatlon,  Thrombose,  and  Stalls. 

g  38.  Upon  the  death  of  the  individual  the  blood  contained  in  the  heart 
and  great  vessels  sooner  or  later  coagulates  in  part,  and  there  arise  those 
formations  which  are  known  as  post-mortem  clots.  If  the  clotting  oc- 
cora  at  a  time  when  the  red  blood-cells  are  still  evenly  distributed  in  the 
blood,  the  whole  ma^  of  the  blood  becomes  coagulated,  fonning  soft, 
dark-red  masses  of  coagulnra  which  are  known  as  cruor.  If  before  the 
clotting  there  occurs,  through  the  sinking  of  the  red  cells,  a  separation 
of  the  blood  into  two  layers — a  substratum  rich  in  red  blood -corpuscles, 
and  an  npper  fluid  layer  containing  none  and  consisting  only  of  the 
plasma — then,  if  the  latter  coagulate,  there  will  be  formed  soft,  gelat- 
inous, light-yellow,  elastic  lumps  and  stringy  masses  having  a  smooth 
surface  and  not  adherent  to  the  vessel-wall,  which  are  known  as  lardcux- 


Wia.  la — A  laidaceoui  ctot  from  the  cadaver.    (Formalin,  bsmittoKylln,  and  eosln.)    X  600. 

tntadoUaraajibrinous  depoaUs.  These  contain  the  same  fibrin  threads 
(Fig.  12)  and  8cattere<l.r.i>i:!_ayd  white  blood-cells.  Through  the  inclu- 
sion of  red  cells  in  these  formations,  they  may  present  in  parta  a  red  or 
reddish-black  color ;  if  large  numbers  of  leucocytes  are  present,  they  may 
have  a  whitish  color. 

When  blood  «  drawn  from  an  artery  or  vein  and  received  into  a  vessel, 
cooffuJation  will  occur  within  a  short  time,  as  the  result  of  the  adhesion 
of  the  fluid  to  the  sides  of  the  receptacle.  The  entire  blood-mass  be- 
comes changed  into  a  soft  coherent  mass.     Wben  freshly  drawn  blood  is 
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beaten  with  a  solid  body,  the  surface  of  tlie  latter  becomes  covered  ia  a 
very  short  time  with  felt-like  fibnn.  If  wilhin  the  body  large  quatdUiet 
of  blood  paM  out  into  the  (mttcs— as,  for  example,  into  the  pericardium  or 
into  the  laugs— coagulation  may  occnr  here  likewise,  and  the  extravaaated 
blood  may  in  this  vay  acquire  a  firm  consistency    (Fig.  13,  d). 

Under  certain  conditions  there  may  be  formed  tcithin  tte  heart  or 
Uood-veasela  during  life,  firm  depoaiU,  which  in  part  are  similar  to  craor, 
and  in  part  to  the  fibrin-masses  formed  by  whipping  the  blood.  These 
formations  are  known  as  thrombi,  and  the  process  which  leads  to  their 
formation  as  thrombosis.     According  to  their  color  they  may  be  distin- 


Firsh  hsmnrrhHiilc  itifmrtiiC  the  limit.    (MOHpr'n  lliild:  btenwtoiyllD 
nil  Biiclrt,  iiinialnliw  tii|illlari™  nilwL  with  dark  hluIali-violM,  bomo- 
gpoeoiu  tbrombus-miHMH:   b.  u'piB  ronialnlnit  aurki :   c.  n-ln  flllt^  «'tth  nil  Ibrombus;   li,  il,.  alieoU 
lUedwIUi  arm  bluod-duta:  <,  alieull  flilul  Mlib  aeruugnuld.  flbrln.  Hud  Uiucucylet.    X  90. 

guished  as  red,  cdorlest  or  tchiie  (that  is,  yellow  or  grayish-white),  an^ 
mixed  thrombi. 

The  coaguiation  of  the  blood  is  a  peculiar  process,  difficult  of  exact 
interpretation.  Histologically,  it  is  characterized,  both  in  extra vaHc.ular 
clotting  (Fig.  13,  d,  d,)  and  in  intravascular  as  well  (Fig_l4),  by  the 
formation  of  little  rods  and  threads  between  the  red  cells,  at  one  time  ar- 
ranged in  a  meshwork,  at  other  times  in  stellate  or  fascicular  groups 
around  centres.  These  little  rods  and  fibres  are  known  asjibirin  ;  and 
are  in  part  smooth  and  sliining,  in  part  covered  by  little  granules,  or 
partly  interrupted  by  grannies,  or  are  composed  entirely  of  such  collected 
t<^tber.  Besides  the  threads  there  occur  also  free  granules,  grannlar 
masses,  and  blood-plalcs  of  varying  size  and  form;  and  not  infrequently 
such  formations  He  in  the  centre  of  the  fibriu-stars.  At  times  the  stellate 
and  fascicular  forms  of  fibrin  are  fonnd  arranged  about  leucocytes  or  at- 
tached to  endothelial  cells  of  the  iutima  of  the  vessel. 

In  the  red  blood-cells  there  occur  here  and  there  degenerative  appear- 
ances, in  tlie  form  of  plasinolysis,  plasmorrhexis,  and  plasmoschisis.  In 
plasmoli/sis  or  en/lhrocytolysie  there  ociuirs  a  passage  of  solnble  substances 
from  the  red  cells  into  the  blood  plasma,  so  that  the  red  cells  become 
smaller,  and  the  so-ojdied  microcytes  and  red  blood-cell  "shadows"  are 
produced.     At  the  same  time  individual  cells  may  become  swollen. 

In  ploiniorrhexis  or  erythrocytorrhexis  and  in  plasmoschi^  or  erythro- 
ytosckisis,  bright,  shining  globules  arise  from  the  i^  cells,  or  the  latter 
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become  covered  with  little  prickle-like  projections,  or  come  to  resemble 
mnlberries,  or  send  out  protoplasmic  processes.  Through  the  snariDg- 
off  of  these  promineuces  round,  disc-like,  augular,  or  thread-like  bodies 
are  formed,  which  are  partly  homogeneous  and  partly  finely  granalar, 
and  Dot  infrequently  enclose  larger  bluing  bodies.  Finally,  the  red  cells 
may  break  up  into  disc-like  or  globular  pieces,  and  finally  into  granules. 
The  formations  known  as  blood-plates  ai-e  for  the  greater  part  j)fc»7iarfy 
fortttfd  products  of  plastnorrhexis  atid  jAasmoschisis  of  the  red  ceUs  ;  and  it  is 
possible  to  distinguish  among  them  those  which  are  colorless,  those  con- 
taining hiemoglobin,  and  homogeneous  and  granular  forms. 

In  fresh  coagula,  changes  cannot  usually  be  demonstrated  in  the  cohr- 
Ifss  corpuscles  of  the  blood;  but  in  the  later  course  of  tbeproeessdegenera- 
li\e  appearances  are  fouud  in  these  also ;  and  products  may  thereby  be 
produced  resembling  those  arising  through  the  disintegration  of  the  red 
blood-ceils  designated  as  blood-plates. 

Bdween  the  destruction  of  the  red  blood-cells,  respectively  the  formation 
(if  the  blood-phdes,  and  the  coagulaiion  of  Hie  blood-,  both  extra-  and  intra- 
mKidar,  there  exist  ■undoubtedlij  close  relations;  that  is,  coagulation  is 
set  into  action  through  the  occurrence  of  changes  in  the  red  cells  as 
above  described.  According  to  our  present  knowledge,  it  must  be 
assumed  that  many  red  cells,  probably  the  oldest  ones,  very  easily 
suffer  such  changes,  so  thnl,  for  example,  adherence  to  a  diseased  por- 
tion of  the  vessel-wall,  which  is  prevented  "by  the  normal  condition  of 
the  iutima,  is  sufficient  to  cause  a  disintegration  of  certain  red  cells,  with 
formation  of  blood -plates,  and  later  coagulation  and  thrombus- forma- 
tion.- The  origin  of  cojigulation  has  also  been  regarded  as  due  to  plas- 
molysisand  plasmorrhesis  of  the  leucocytes ;  further,  similar  degenera- 
tions of  the  endothelium  may  also  induce  coagulation.  The  possibility 
that  the  endothelial  cells  play  a  certain  part  in  the  origin  of  coagulation 
cannot  be  excluded,  but  it  must  be  emphasized  that  the  degenerative 
chaDgesordinarilyprecedingcoagnlation  cannot  be  demonstrated  in  these 
cells.  The  facts  brought  forth,  particularly  by  Hauser  and  Zenker,  that 
the  fibrin-threads  not  infrequently  are  nttached  to  endothelial  cells,  or 
leucocytes,  or  to  the  remains  of  such  cells,  do  not  prove  that  these  are 
the  extMers  of  coagulation,  or  that  they  offer  material  for  the  formation 
of  fibriu;  inasmuch  as  the  deposit  of  the  fibrin  upon  these  cells  may 
be  due  to  purely  mechanic^ 


The  chemical    processes 

concerned  in  coagulation  cau- 
Dot  at  pi'esent  be  explained. 
It  is  assumed  that  for  Its  oc- 
currence the  presence  of  a 
fibrinogsym  substance,  a  fer- 
vient  (thrombin),  and  cectain 
salts,  particularly  coMuutMtUit, 
is  necessary^  and  that  the 
fibrinogenio  substance  is. an 
albuminoid  body  helongfng  to 
the  fflobuUns,  which  is  present 
in  the  bTood-pla.sma;  while 
the  ferment  is  produced  by 

„     „   „  „  the  cells.      According  to  A. 

ll!Iit^.^*''5^™'.5'?l?3;'^l■_!i^^'^'^VI^l°■L„^^        Schmidt,  thrombin  is  derived 
from  a  parent-substance,  pro- 
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thrombin  which  becomes  active  nnder  the  inflnence  of  a  eymopUMctA- 
^  stance.     By  means  of  the  thrombin  there  is  formed,  in  an  as  yet  nnkiiown 
manner,  from  the  globalins  pre-existing  in  the  alkaline  solntion,  agwafly 

swollen  albominoid  body,  which  ' 
is  precipitated  by  the  calcium 

salts  contained  in  the  plasma.  i^  h 

In  the  process  of  coagulation  we  * 

most,  therefore,    recognize  two  S.    ' 

stages,  namely,  the  st^  of  the  \ 

prodnctioD  of  the  fibrin-ferment^  'f, 

■  and  the  stage  of  the  action  of  tbe  ^ 

'    ferment  or  coagulation  proper.  ? 

Morawitz    is    also     of    the  \ 

opinion      that      fibrin -ferment  ^ 

arises  through  the  cooperation  j 
of  several  substances,   thrambo- 

gen,  throTnbokiiuue,  and  aUcium.  — 

The    substance     designated     as  i 

thrombokinase  is  identical  with  O 

the    zymoplastic   snbstance    of  ip^ 
Schmidt    and    behaves   in  the 

same  way  as  a  ferment  p,o_  i5.-9ection  uirougt.  .  red  mrDmba.  tonwda 

The  red  thrombus  m /orm«d  '™°''**'^'.'^'?SSf*S-'S;''??*^;"f',"?,S??°? 

,  ,  ,...  ./  the  remor»l  vein.    (MQlleri  nulci:  memMoiJIlD-l   * 

under  such  COndUunM  as  tite  com-      Fibrin -UiradB;    b,  leueocTM  uid   gnUDlu  mun 

picte  stoppage  of  the  cireubition  or     ^  *"■ 
a  marked  slowing  of  the  aame,  and 

comprises  the  total  ma-ss  of  the  red  cells  (Fig.  15).  The  precipitated 
fibrin  ^rm_s_grannle8  (Fig.  15,  6)  and  threads  (a).  In  £ieeh  dots  in 
smair^vessels,  it  is  not  infrequently  possible  to  demonstrate  after  death, 
by  means  of  special  methods,  the  presence  of  bandies  and  star-shaped 
clusters  of  fibrin-rods  (Fig.  14),  which  radiate  from  centres  of  coagula- 
tion, lu  such  cases,  however,  it  is  often  impossible  to  distinguish  with 
certainty  to  what  extent  the  coagulation  is  intravital  or  to  what  extent 
post-mortem.  Such  form  of  coagulation  is  moat  frequently  observed  in 
inflamed  tissues,  and  the  conclusion  is  warranted  that  changes  in  the 
blood  occurring  in  such  inflammatory  areas  are  the  cause  of  this  variety 
of  fibrin -formation.  Since  these  thrombi  often  enclose  very  few  red 
blood-cells  (Fig.  14)  and  thereby  present  a  pale  appearance,  itisevident 
that'tfae  red  blood-oells  for  the  greater  part  most  have  become  ilisinte- 
giated. 

Immediately  after  its  formation  the  red  thrombus  is  soft  and  rich  in 
the  fluids  of  the  blood;  later  it  becomes  tougher,  denser,  and  more  dry. 
as  the  fibrin  contracts  and  squeezes  out  a  portion  of  the  fluid.  At  tbe 
same  time  it  becomes  paler,  brownish-red  or  of  a  rust-color,  iuasmnch  as 
the  blood-pigmeut  undergoes  changes  similar  to  those  occurring  in  ex- 
travasations. 

The  cause  of  the  ante-mortem  Intravascular  coagulation  is  to  be 
found  either  in  an  increase  in  the  production  of  fibrin  fermerd  orjibrinogfue 
substances  or  in  a  diminution  of  the  power  possessed  by  the  normal  vessei-wvB 
of  inhibiting  eoagtiiation.  Under  certain  conditions  the  more  marked  ad- 
hesion of  the  blood  to  a  degenerated  ai-ea  in  the  vessel-wall  may  in  itself 
be  sufficient  to  induce  coagulation.  This  occurs  accordingly  in  ligated 
vessels,  when  the  endothelium  at  the  point  of  ligation  is  injured ;  but  in 
the  case  of  a  slight  injury  to  the  vessel-wall  and  the  blood,  clotting  may 
not  take  place  (Banmgarteu). 
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White,  mixed,  and  often  distinctly  laminated  thrombi  ante  in  the 
ftmting  i^ood,  and  consist  of  masees  of  yellowisli  color,  or  of  variovis 
shades  of  red,  or  of  alternating  layers  of  red  and  white.  The  micro- 
scopical examination  shows  them  to  eonsfst  of  granular  and  thread-like 
maeaes  (Figs.  16  and  17),  leucocytes,  and  red  cells,wliioh  in  varying  pro- 


FlQ.  17.— Section  rmmawtiilelhrombuseont&lD- 
Ing  but  tewcella.  IMdller'i  fluid;  bainBioijUn.) 
<i,GrHnu]mr  meiMs;  b,  flbngnnulHr  BhrlD  fonn- 
iDgaDnt'ltkereUriilum:  c.  flbrlD-ttireBda  InpuaUel 


portion  and  arrangement}  make  ap  their  stmctore.  White  thrombi  may 
consist  almost  entirely  of  granular  masses  (Pig.  17,  a)  and  fibro-granu- 
lar  fibrin,  which  in  some  cases  is  arranged  in  a  meshwork  (ft),  in  others 
iu  fibres  running  nearly  parallel  (c)  which  enclose  few  leueocjiea  In 
other  cases  the  number  of  cells  may  be  much  greater.  In  mixed  thrombi 
(Fig.  16),  granular  fibrin  {b),  more  rarely  hyaline  masses,  thready 
fibrin  (c,  d),  and  red  blood-cells  (a),  in  varying  proportion  and  in  alter- 
nating stratification,  constitute  the  thrombus-masa,  and  all  of  these  ele- 
ments enclose  more  or  less  numerous,  often  many  leucocytes.  The  color- 
less portions  of  mixed  thrombi  consist  es^ntially  of  fibrin,  fluid,  and 
leucocytes,  bat  they  often  contain  also  numerous  decolorized  relTblood- 
cells. 

The  Jtbrogrannlar  mmses  which  form  part  of  the  structure  of  the 
thrombus  are  composed  of  precipitated  fibrin.  The  granular  and  hyaline 
masseg,  on  the  other  hand,  probably  arise  directly  from  the  products  of 
the  plasmoschisis  and  plasmorrhexis  of  the  red  blood -cells,  In  particular 
from  the  blood-plates.  In  large  thrombi  they  often  show  a  coral-like 
arrangement. 

The  causes  of  the  formation  of  white  and  mixed  thrombi  are  es- 
pecially: changes  t'n  the  itUima  of  the  heart  and  the  vessels  and  diseases  of  thf 
rvscular  a^taratus,  that  lead  to  a  general  or  local  shmng  or  irregiUarity  of 
the  Mood-stream. 

The  tornutlon  of  thrombi  may  be  studied  directly,  in  miitfible  subjecta,  under 
the  microBCope,  both  in  the  case  of  cold-blooded  and  warm-blooded  aninuUs;  and  the 
obaervations  mode  in  this  line,  especially  by  Bitaotero,  Eberth,  SchimmeOmtch,  and 
iouTi.  have  led  to  very  important  resulta. 

When  the  blood  flows  with  normal  velocity  tbrouf;h  a  blood-vessel,  there  may  be 
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Been  under  the  mioroacope  a  broad,  homo^neous  red  stream  in  the  &xls  of  the  bIood> 

I  (Fi^.  18,  a),  while  at  the  sides  there  lies  a  clear  plasma-zone  (b)  free  from  red 


cells.    This  may  be  observed  in  the  arteries,  " 


iDd  larEB  capiUaries,  but  u 
seen  in  the  veins,  while  in  ine 
small  capillaries,  which  are  just 
large  enough  tj}  permit  the  pass- 
age of  the  red  cells,  this  diffeience 
between  the  axial  stream  and 
plasma-zone  is  not  present. 

In  the  axial  stream  the  differ- 
ent constituents  of  the  blood- 
stream are  not  reccq^iiable;  in 
the  plasma-  zone  there  appear, 
from  time  to  time,  white  blood- 
corpuscles  (Fig.  18,  d]  which  roll 
slowly  on  along  the  vcssel-wuU. 

If  the  blood-stream  becomes 
retarded  to  about  the  degree  that 
the  red  cells  o(  the  axial  stream 
are  indistinctly  recognizable  (Fig. 
19,a), thenumberof  whit«corpu»- 
cIgs  which  roll  slowly  along  in  the 
plasma-zone,  at  times  adhering  to 
the  vessel-wall,  becomes  constantly 
increased  (Fig.  JS,  d),  so  that  Ihey 
linaliy  come  to  lie  in  great  num- 
bers m  this  zone. 

If  the  current  is  still  further 
retarded  so  that  the  red  cells  be- 
come plainly  recognizable  (Fig. 
20,  a),  there  appear  in  the  periph- 
eral plasma-zone,  in  addition  to 
the  colorless  blood-corpuscles  (d), 
also  blood-plates  (b),  which  in- 
crease more  and  more  in  number 
with  the  progressive  retardation 
of  the  current,  while  the  leuco- 
cytes again  became  diminished  in 
numbers.  When  total  arrest  of 
1  distinct  separation  of  the  corpus- 

If,  in  a  vessel  in  which  the  circulation  is  retarded,  the  intima  is  injured  at  a  certain 
point  by  compression  or  crushing,  or  by  means  of  chemical  agents,  as  corrosive 
sublimate,  nitrate  of  silver,  or  sodmm  chloride,  and  it  the  lesion  of  the  wall  does  not 
lead  to  a  complete  stoppage  of  the  circulation,  blood-plates  may  be  seen  adhering  to  tke 
injured  pOTtioTt  of  the  wail ;  and  in  a  short  time  the  injured  spot  is  covered  with  many 
layers  of  the  same  (Fig.  33,  c),  -Often,  more  or  less  numerous  leuatcyiex  {d,)  become 
embedded  in  this  mass,  and  their  number  is  the  greater  the  more  numerous  these  are 
in  the  plasma-zone.  Under  certain  conditions  they  may  be  very  numerous  and  partly 
cover  up  the  blood-plates.  In  ease  of  great  irregularity  of  the  circulation  or  more 
severe  changes  in  the  vessel-wall,  reit  cms  may  also  drop  out  of  the  circulation  and 
become  adherent  to  the  vessei-wall  or  the  colorless  deposit  already  formed.  Not  infre- 
quently portions  of  the  thrombus-mass  are  again  torn  loose,  in  which  case  a  new  de- 
posit of  blood-plates  occurs.  The  vessel  may  finally  be  closed  as  the  result  of  a  long- 
continued  deposit  of  the  blood-elements. 

When  at  any  point  blood-plates  in  large  numbers  have  become  adherent  to  the 
vessel-wall,  they  tweome  after  a  time  coarsely  granular  at  their  centre,  and  finely 
granular  or  homogeneous  at  their  periphery,  and  become  fused  together  into  one  com- 
pact mass.  The  final  result  of  this  process  is  the  formation  of  a  coloriess  blood-plale 
Ikrombue,  within  which  more  or  less  numerous  tevatcytes  may  be  imprisoned.  Eberth 
designates  the  slickint;  together  of  the  blood-plates  as  congl-utiiujlion,  their  fuaon  int4>  a 
coherent  thrombus-mass  as  viscous  metamorfAosis. 

According  to  the  investigations  of  GuUrhy  the  first  steps  of  roagulation  consist 
in  the  precipitation  of  a  gelatinous  mass;  and  to  this  " primarn  fibrin-meirArane"  the 
blood-plates  and  later  the  other  formed  elements  of  the  blood  catch,  and  may  remain 
fastened. 

If  we  compare  the  observations  made  upon  warm-blooded  animals  by  Biztosero, 


Fia.  IS.— Rapid];  llanlnff 
b.  nuTBInal  moP  wlUi  l»liiti!d 
■nd  IjcblinDielbusrb.) 


rio.  20.— Mart^llf  slow  f« 
Iphiral  Klnvrn  Kllb  bUxxJ-ple 
d,  (ii,  leocofjcai.    (AttwEb 


id  Scblmmelbuscb.) 
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Eberthy  and  SchimmeUmsch,  and  more  recently  by  Lotvit  and  GuUchy,  with  the  his- 
tological findings  in  thrombi  occurring  in  the  human  subject,  we  are  warranted  in 
drawing  the  conclusion  that  the  formation  of  thrombi  in  the  circulating  blood  of  man 
occurs  m  part  in  the  same  way  as  that  observed  in  the  lower  animals.  Thrombosis  is, 
therefore,  directly  dependent  upon  two  causes:  namely,  disturbances  of  the  circti* 
Jation,  particularly  retardation  of  the  current  and  the  formation"  of  eddies  which  drive 
the  blood'pkttes  against  the  vessel-xmU ;  and  local  changes  In  the  vessel-walls. 
It  is  also  probable  that  thrombosis  is  favored  by  pathological  changes  in  the  blood.- 
From  the  variety  of  conditions  under  which  thrombosis  in  man  occurs,  we  must  assume 
that  at  one  time  one  cause,  at  another  time  another,  plays  the  chief  part  in  the  forroa- 
tion  of  the  thrombus,  or  that  all  three  may  take  an  equal  part  in  the  process. 

If  a  blood-plate  thrombus  or  a  conglutination-thrombus  has  formed  at  any  point, 
coaoulation  may  subsequently  occur,  yielding  fibrin-threads  which  enclose  a  greater 
or  less  number — often  large  nimiber— of  the  cellular  elements  of  the  blood.  Con' 
glutination  and  coagulation  may  occur  in  combination  ;  and  the  frequency  with  which 
this  comes  to  pass,  judging  from  the  composition  of  the  thrombi  occurring  in  man 
(Figs.  16  and  17),  seems  to  denote  the  fact  that  fibrin-ferment  is  produced  during  the 
fomiation  of  the  blood-plate  thrombus,  and  that  consequently,  in  the  neighborhood  of 
the  conglutluated  blooa-plates,  processes  of  coagulation  occur  in  the  adjacent  plasma- 
zone  of  the  blood-stream.  If  white  corpuscles  alone  are  circulating  in  this  zone,  the 
mass  of  coagulum  is  white  (Fig.  17)  and  encloses  a  greater  or  less  number  of  red  cells; 
if  red  corp\^cles  also  circulate  in  the  peripheral  zone,  or  if  the  coagulation  extends 
into  the  red  axial  stream,  mixed  thrombi  will  be  formed  (Fig.  16). 

In  the  place  of  blood-plates  whole  red  blood-cells  may  be  fused  together  b^  agglu- 
tination (Flexner)  and  so  form  hyaline  thrombus-masses.  If  in  marasmic  individuals, 
as  not  infrequently  happens,  or  in  those  who  have  been  subjected  to  some  traumatism! 
extensive  thrombosis  occurs,  this  occurrence  is  probably  connected  with  a  ferment- 
intoxication  {Kohler,  von  During);  and  the  local  disturbances  of  circulation  onlv  de- 
cide the  location  of  the  coagulation.  Vaquez  is  of  the  opinion  that  infections  play  a 
very  prominent  r61e  in  the  origin  of  cachectic  thrombi.  It  is  probable  that  the  throm- 
boses occurring  in  cases  of  chlorosis  are  dependent  upon  changes  in  the  blood. 

According  to  Naunyn,  Franken,  Kohler ,  Plosz,  Gyorgyai,HanaUf  and  others,  a 
more  or  less  extensive  thrombosis  may  be  produced  by  the  injection  into  the  blood- 
vessels of  laked  blood,  solutions  of  hemoglobin,  salts  of  cholic  acid,  ether,  and  other 
substances;  yet  the  results  of  thesa  experiments  are  not  constant  (SchifferjHdgyes.Lan' 
dois,  Eberth),  and  coagulation  may  not  occur.  The  probability  of  effecting  coagulation 
is  proportionate  to  the  degree  of  disturbance  produced  in  the  blood  by  the  siibstance 
injected. 

According  to  Arthus  and  Pagbs,  the  blood  flowing  from  the  veins  becomes  inca- 
pable of  coagulating  spontaneouslv  if  sodium  oxalate,  sodium  fluoride,  or  soaps  are 
added  to  it  in  such  quantities  that  the  mixture  contains  0.07-0.1  per  cent  of  the  oxalate, 
or  about  0.2  per  cent  of  the  fluoride,  or  0.5  per  cent  of  soap.  These  salts  all  act  bv 
precipitating  the  calcium  salts.  If  to  blood,  Kept  fluid  b^r  treatment  with  oxalic  acid, 
one-tenth  of  its  volume  of  a  one-per-cent  solution  of  calcium  chloride  is  added,  coagu- 
lation occurs  in  six  to  eight  minutes,  and  the  calcium  salts  pass  into  the  combination  of 
the  fibrin-molecule.  The  fibrin-ferment  can  act  upon  the  fibrinogen  only  in  the  pres- 
ence of  calcium  salts.  Under  the  influence  of  the  fibrin-ferment,  and  the  presence  of 
odcium  salts,  the  fibrinogen  imdergoes  a  chemical  change  which  results  in  the  forma^ 
tion  of  a  calcium-compound,  fibrin.  Hammarsten,  who  holds  that  the  presence  of  cal- 
cium is  not  necessary  for  the  change  of  fibrinogen  into  fibrin,  attempts  to  explain  the 
observation  of  Arthus  and  PagbSf  through  the  assumption  that  the  calcium  salts  are 
necessary  factors  for  the  conversion  of  prothrombin  into  thrombin. 

If  blood  be  allowed  to  flow  beneath  a  layer  of  oil,  into  a  vessel  coated  with  a  film 
of  vaseline,  it  will  not  coagulate  (Freund);  and  from  this  it  may  be  assumed  that  the 
cause  of  the  coagulation  is  to  be  fotmd  in  the  adhesion  of  the  blood  to  a  foreign  body. 

Bizzozero,  in  the  year  1S82,  described  as  a  new  element  of  the  blood,  small,  flat, 
homogeneous  structures,  which  he  designated  as  blood-plates,  and  regarded  as  identical 
with  the  hffimatoblasts  described  by  uayem.  Supported  by  thorough  experimental 
investigations,  he  assumed  that  it  was  these  bodies,  which,  in  breaking  up,  induced 
coagulation,  and,  Uierefore,  denied  this  to  be  a  property  of  the  leucocytes. 

Since  their  discovery  the  blood-plates  have  been  the  object  of  an  extraordinary 
number  of  investigations  and  have  been  interpreted  by  different  writers  in  the  most 
varied  ways.  About  them  revolve  the  disputed  questions  as  to  whether  they  are  con- 
stant elements  of  the  blood  or  arise  onl^  under  pathological  conditions,  whether  they  are 
true  cells  or  represent  only  disintegration  products  of  the  red  or  white  blood-cells,  and 
finally,  whether  they  have  an}r  definite  relation  to  the  coagulation  of  the  blood.  Ravr 
Khenbach,  Ueyl,  Weigert,  L&wU^  Eherth,  SchimmeOmsch,  Huxva,  Groth,  Wlasaow,  Ziegkr^ 
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AmM,  SckwaXbe,  Deetien,  Deckhuyzen,  KopKk,  Argutirmki,  Barker,  and  others  lure 
buflied  themselves  with  these  questiona.  Aooording  to  mv  own  views,  which  a^ree 
essentially  with  those  of  Wlasmnc,  Arnold,  and  Schwalbe,  the  blood-plates  are  fen-  the 
rreater  part  disintegration  and  extrusion  products  of  red  blood-oeUs;  aoeoidini:  to  tiie 
uivesti^tions  of  Arnold,  Schwalbe,  and  others  similar  products  may  arise  also  from 
the  colorless  ceils  of  the  blood.  At  times  they  show  appearances  of  motion;  but  ther 
cannot  be  regarded  as  cells.  Tliey  sometimes  OMitam  within  them  bodies  stainiii^ 
similariy  to  nuclear  substance,  and  these  are  probably  to  be  referred  to  the  dements 
of  nuclear  substance  which  are  present  in  the  red  blood-ceUs.  According  to  Homer 
Wriaht  {Virch.  Arch,,  Bd.  186,  1906)  the  blood-plates  are  frapnenU  of  the  cytopbsm 
of  the  bone-marrow  i^nt-ceUs,  and  occur  only  in  those  vert^rates  in  whose  marrow 
giant-cells  are  found.  Their  number  increases  or  diminishes  in  proportion  to  the 
number  of  giant^xUs.  Cole  {Johna  Hopkins  Hosp.  BuU,,  1907)  has  produced  a 
n>ecific  agglutinating  serum  for  blood-platelets.  His  experiments  appear  to  t^ak 
definitely  against  a  genetic  relationship  between  platelets  and  red  blood-cdls. 

They  are  found  in  nonnal  blood,  out  in  great  abundance  only  under  patholodcal 
conditions.  Without  doubt  they  have  an  important  relation  to  the  coagulation  of  the 
blood.  Barker,  who  does  not  regard  the  blood-plates  as  disintegration  products  of  the 
red  blood-cells  but  as  independent  formations,  is  of  the  opinion  that  coagulation  is 
dependent  upon  the  typical  disintegration  of  the  blood-plates,  so  that  the  fibrin-mass 
which  is  ultimately  formed  depends  directly  upon  the  mass  of  disintegrating  blood-plates. 

MoraxmU  regards  the  blood-plates  as  independent  cells  {Deetjen,  Deekkuyun, 
KopBch),  According  to  him,  they  contain  thrombogen  and  thrombokinase,  and  it  is 
possible  therefore  to  produce  coagulation  with  the  blood-plates  alone  without  the 
addition  of  leucocvtes  or  of  lymph.  Thrombogen  arises  probably  from  the  blood-platet 
alone.  ^  The  white  blood-cells  probably  contain  no  thrombogen,  but  only  thrambokiruue, 
which  is  probably  produced  by  a  great  variety  of  cells. 

At  the  present  time  no  pathological  significance  can  be  attached  to  an  increase  or 
decrease  in  the  number  of  the  blood-plates.  It  has  been  stated  that  they  are  increased 
in  leukoimia^  afebrile  ansemias,  and  after  hemorrhage,  and  decreased  in  febrile  con- 
ditions and  m  various  intoxications.  The  failure  to  fix  any  definite  nonnal  standard 
(their  number  being  estimated  by  various  authors  as  100,000-500,000)  does  not  favor 
their  numerical  estimation  as  an  aid  in  diagnosis. 

A,  Schmidt,  in  his  work  on  the  bloody  published  in  1892,  in  which  he  collects  the 
results  of  many  years  of  studv  on  the  coai^ulation  of  the  blood,  regards  the  fibrin- 
ferment  or  thrombin  as  a  cell-aerivative,  which  arises  from  an  inactive  antecedent  sub- 
stance, prothrombin,  under  the  influence  of  certain  zymoplastic  svbslances  which  are  also 
oell-denvatives.  He  likewise  regards  the  fbrinogenic  substance,  or  metaglobulin,  as  a 
product  of  the  disintegration  of  cellular  protoplasm.  Therefore,  the  substances  causing 
coagulation  as  well  as  those  producing  thrombosis  must  all  be  regarded  as  cell-deriva- 
tives, and  the  red  blood-cells  tn  particiuar  are  the  source  of  the  mataials  of  coagulation. 

According  to  Pekelharing,  thrombin  is  a  calcium  compound  of  prothrombin  which 
arises  from  the  cellular  elements  of  the  blood;  and  coagulation  consists  essentially  in 
the  fact  that  the  thrombin  carries  calciiun  over  to  the  fibrinogen,  whereby  the  insoluble 
calcium  compound,  fibrin,  is  formed.  Hammarsten,  on  the  contrary,  is  of  the  opinion 
that  calcium  is  carried  doum  with  the  fibrinogen  only  as  a  contamination  and  has  no  signifi- 
cance in  the  change  of  fibrinogen  to  fibrin  in  the  presence  of  thrombin.  According  to 
him  the  calcium  salts  are  a  necessary  factor  only  for  the  change  of  prothrombin  into  thrombin. 

Accord ii)g  to  Schmiedeberq  and  Heubner,  there  occurs  in  coagulation  a  hydrolytie 
splitting  of  fibrinogen  into  fibrm  and  fibrin-globulm. 

Agglutination-thrombi  occur  in  the  nonnal  mature  placenta,  an<l  are  important 
pathologically  in  placental  tuberculosis,  a  hyaline  agglutination-thrombus  occurring 
at  the  site  of  the  primary  lesion  of  the  syncytium  (Warthin,  Wollstein).  Similar 
thrombi  pla^  also  an  important  part  in  the  production  of  focal  necroses  {Pearce). 

Accordmg  to  Corin,  coagulation  occurs  in  the  blood  of  the  cadaver  only  when  the  fer- 
micnt  was  present  in  the  Uood  during  life,  and  the  extent  of  the  coagulation  is  dependent 
directly  upon  the  amoimt  of  ferment  contained  in  the  blood  during  life.  A  further 
formation  of  ferment  does  not  take  place  after  death,  on  the  other  hand,  it  is  probable 
that  there  is  formed  by  the  vessel-walls  a  body  inhibiting  coagulation.  Between  the 
blood  of  those  dyin^  suddenly  (strangulation)  and  that  of  individuals  d3ring  slowly 
there  is  only  a  relative  difference,  depending  upon  the  amount  of  ferment  present.  A 
fluid  condition  of  the  blood  of  the  cadaver  can,  ther^ore,  be  of  no  significance  in  so  far 
aa  the  diagnosis  of  the  manner  of  death  is  concerned. 
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§  39.  Thrombosis  occurs  most  frequently  in  cases  of  degeneration 
and  inflammation  of  the  intima  of  the  heart  and  of  the  blood-vessels,  as 


»1o,  21.— Polypoid  hpB 


well  as  under  certain  conditions  which  cause  a  slowing  or  stoppage  of  tbe 
circulation — as,  for  example,  compression,  narrowing,  or  dilatation  of  iht 
vessels,  fatty  heart,  stenosis  and  insufficiency  of  the  valvular  orifice:^ 
etc  Perforating  wounds  of  the  vessels,  crushing  of  the  vessel-wall,  aii<i 
laceration  of  the  intima  lead  likewise  to  the  foi-matiou  of  thrombi;  and 
thrombotic  precipitates  are  formed  also  upou  foreign  bodies  lying  in  *^^ 
vessels.     According  to  the  cause  of  the  injury  to  the  vessel-wall  Ibere 
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may  be  distinguished:  traumaiiCf  infectioua^  aud  thermic  thrombi,  as  well 
as  those  produced  by  degenerative  changes  in  the  waU,  foreign  bodies,  and 
tumor  proliferation.  Thrombi  occurring  in  enfeebled  individuals  with 
poor  circulation  (cardiac  weakness)  are  usually  designated  as  m4zra>smi€ 
or  cachectic. 

Thrombi  may  be  classed  also  according  to  their  relation  to  the  vessel- 
luineu.     Thus  thrombi  attached  to  the  wall  of  the  heart  (Fig.  21,  a)  or 

blood-vessel  are  known  as  parietal 
thrombi,  those  situated  upon  the  valves 
of  the  heart  or  veins  (Fig.  22,  d)  are 
termed  valvular  thrombi.  In  both 
cases  the  thrombi  may  consist  only  of 
delicate,  translucent,  membranous,  hy- 
aline deposits;  but  are  often  thicker 
and  firmer  and  project  into  the  lumen 
of  the  heart  or  blood-vessels.  Their 
surface  often  shows  ribbed  elevations 
which  are  paler  than  the  other  portions. 
A  thrombus  completely  closing  the  lumen 
of  the  vessel  is  called  an  obturatins: 
thrombus  (Fig.  22,  a,  b).  The  coagula 
first  formed  are  designated  as  primary 
or  autochthonous,  those  subsequently 
deposited  upon  these  as  induced  throm- 
bi. Through  growth  by  accretion  a  pa- 
rietal thrombus  may  become  changed  to 
an  obturating  one.  In  this  way  it  not 
infrequently  hapx)ens  that  upon  an  orig- 
inally white  or  mixed  thrombus  a  red 
one  (Fig.  22,  c)  is  formed ;  the  throm- 
bosis at  the  beginning  occurring  in  cir- 
culating blood,  while  later,  after  the  clos- 
ing oflf  of  the  vessel,  the  blood  stands 
still  and  clots  en  masse.  The  reverse 
may  occur — that  is,  upon  a  thrombus 
originally  red  there  may  be  deposited 
white  or  mixed  coagula — when  a  red 
thrombus  obturating  a  vessel  becomes 
smaller  by  contraction,  and  thus  opens  up 
a  channel  for  the  free  passage  of  blood. 
Thrombi  may  occur  in  any  part  of  the  vascular  system.  In  the  heart 
they  are  formed  chiefly  in  the  auricular  appendages  and  in  the  intertra- 
h)ecular  spaces,  as  well  as  upon  any  diseased  spot  (Fig.  21,  a)  in  the 
heart-wall.  They  begin  usually  in  the  deep  recesses  between  the  tra- 
beculae,  but  through  continual  accretions  they  form  larger  masses  of 
coagula  which  project  above  the  surface  in  the  form  of  polypoid  masses 
(Fig.  21),  which  are  called  heart-polypi.  They  are  sometimes  more  or 
less  spherical  in  shape,  with  a  broad  base ;  at  other  times  they  are  more 
club-shaped ;  their  surface  is  often  ribbed.  In  rare  cases  large  spherical 
or  knobby  thrombi  may  become  loosened ;  and,  in  case  they  cannot  pass 
the  ostium,  lie  free  in  the  corresponding  chamber  of  the  heart.  Such 
free  g^Iobular  thrombi  are  sometimes  seen  in  the  auricles  in  cases  of 
stenosis  and  insufficiency  of  the  auriculo-ventricular  orifices,  but  they  are 
of  rai"e  occurrence.  After  their  detachment  they  may  increase  in  size 
10 


Fig.  22.~-ThrombQ8!s  of  femoral  and 
apbenous  feins.  a,  5,  Obturating  mixed 
aud  laminated  tbrombns ;  c,  red  thrombus 
BbovrlDi?  (terfptaeral  attachment ;  d,  throm- 
bus protruding  from  a  valve.  CReduoed 
one-fourth.) 
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through  the  formation  of  new  deposits  of  fibrin.  Masses  of  coagula 
which  am  deposited  upon  inflamed  valves  are  known  as  valvular  polypi. 
Parietal  and  vahiilar  polypi  may  become  very  large  and  fill  np  a  lar^ 
part  of  the  heart -cliaml>er8. 

In  the  arterial  trunks  thrombi  may  occur  in  a  great  variety  of  places, 
particularly  behind  constrictions  and  in  dilatations.  Occasioually  in 
cachectic   individuals  with  a  much-deKenerated 

arterial  intima,  parietal,  white,  or  mixed  thrombi,  , 

adherent  to  the  surfai-o,  iiro  formed  in  the  aorta.  , 

In  the  veins  thrombi  are  occasionally  formed 
in  the  pockets  of  the  valves  (Fig.  22,  d),  from 
which  they  may  gnyluj^lly  protrude  and  develop 
into  obturating  thrombi.  Often  a  thrombus  may 
grow  from  a  smaller  vein  (a),  where  it  was  pri- 
mary, into  the  lumen  of  a  larger  vein  (b).  Thus, 
for  example,  a  thrombus  ha\'ing  its  origin  in  a 
small  vein  of  the  lower  extremities  may  finally 
grow  into  the  inferior  vena  cava  aud  e\'ea  reach 
the  heart.  Of  especial  importance,  because  of 
the  resulting  local  disturbances,  are  the  obturat- 
ing thrombi  of  the  femoral  veins,  the  renal  veins, 
the  sinus  of  the  dnra  mater,  the  venm  cavie,  and 
the  portal  veins. 

Thrombosis  in  the  smallest  vessels  is  most 
frequently  the  result  of  disease  of  the  surround- 
ing tissues,  particularly  infectious  and  toxic  in- 
flammations and  necrotic  processes.  The  throm- 
bi formed  are,  for  the  greater  part,  hyaline;  in 
their  composition  the  colorless  elements  of  the  red 
blood -corpuscles  have  the  chief  share,  fusing  to- 
gether into  a  homogeneous  mass.  Kevertheless, 
it  may  be  demonstrated  occasionally,  by  means 
of  proper  technique  (Weigert'sstaiuing  method), 
that  they  also  contain  thready  fibriu.  Thrombi 
of  smaller  vessels  occur  also  after  burns  of  the  skin 
(Elel>s,  Welti,  Silbermann)  and  often  in  cases  of 
poisoning — for  example,  with  corrosive  sublimate 
(Kanfmann) — and  are  found  especially  in  the 
smaller  vessels  of  the  lung.  They  frequently 
occnr  in  faiemorrhagic  infarcts  (Fig.  13,  a,). 
Thrombi  originating  in  the  capillaries  may  develop  also  into  the  efferent 
veins,  partly  for  the  reiisou  that  through  the  obtnration  of  nniuerons 
capillaries  the  blood  flows  more  slowly  into  the  veins,  partly  ahw  for 
the  ren-son  that  disintegrating  red  cells  and  blood-plat«s  pass  into  the 
veins  in  lai^e  numbers. 

The  first  deposits  in  the  formation  of  a  parietal  thrombus  consist  of 
delicate,  translucent,  or  whitish  layers.  The  fully  formed  thrombus  is 
a  rather  firm,  dry  mass,  firmly  adherent  to  the  inner  surface  of  the  ves- 
sel or  heart,  and  in  color  and  structure  varyiug  according  to  the  con- 
ditious  mentioned  above.  Thrombi,  originally  soft  and  moist,  undergo 
in  time  a  process  of  contraction,  and  thereby  become  firmer  and  more 
dry.  By  means  of  such  contraction  vessels  closed  by  obturating  thrombi 
may  again  become  opened  for  the  passage  of  the  blood. 
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In  case  of  marked  contraction,  the  fibrin,  blood-plates,  and  tlie  red 
blood-oells  may  become  changed  into  a  firm  ma^,  vhich  may  remain  in 


B  pulmonary  anaj  bj 


emlwtlc  PlugvtnE 
llnus  ailToK  the  v 


this  condition  for  a  long  time,  bocome  firmly  adherent  to  the  veasel-irall, 
and  finally  andei^o  calcification.  This  may  occur  in  both  valvular 
heart-thrombi  and  thrombi  located  in  the  vessels.  The  challty  concre- 
tions formed  in  this  manner  in  the  veins  are  known  as  phleboliths; 
those  occurring  more  rarely  in  the  arteries  as  arterloliths. 

O3ntraction  and  calcification  are  relatively  favorable  sequels  of 
thrombosis.  Much  less  favorable  are  the  more  frequent  processes  of  de- 
generation occnrring  in  thrombi,  which  are  known  as  simple  andaspnri- 
form  or  yellow  septic  softening.  In 
simple  sottenlng  the  central  portion  of 
tlie  thrombus  becomes  changed  into  a 
grayish-red,  or  gray,  or  grayish-white 
grumous  mass,  consisting  of  disinte- 
grated and  shrunken  red  corpuscles, 
pigment -granules,  and  colorless,  gran- 
ular debris.  If  the  soflening  extends 
to  the  superficial  layers,  and  if  there  is 
at  the  same  time  a  certain  strength  of 
blood-current  in  the  neighborhood  of 
the  thrombus,  the  products  of  disin- 
tegration may  be  swept  along  into  the 
circulation.  If  thereby  larger  pieces 
become  loosened  and  transported  by 
the  blood-stream,  arterial  emboli  will 
be  produced  (see  Fig,  2), 

In  the  yellow  purlform  or  septic 
softening  the  thrombus  breaks  down 
into  a  yellow,  or  grayish-yellow,  or 
reddish-yellow,  pus-like,  grumous,  creamy,  and  at  times  foul-smelling 
mass,  consisting  of  pns-corpnscles  and  a  large  amount  of  finely-granular 
sabstance,  composed  of  fatty  and  albuminous  detritus  and  micrococci. 
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This  mass  acts  as  a  deRtmctive  irritant  upon  tbe  RurrouDding  tissues, 
giviog  rise  to  inflammation.  Asa  result  tLe  intima  becomes  cloady,  and 
there  arises  a  purulent  iuflauimation  in  the  media  and  adventitia,  as 
veil  as  iu  the  tissues  about  the  vessel.  After  a  short  time  all  the  vascu- 
lar coats  become  infiltrated  and  present »  dirty-yellow  or  grayish- yellow 
appearance.  A  suppurative  destruction  of  tbe  tissues  fiually  resnlls. 
Ifpuriform  masses  are  transported  by  the  blood-stream  to  other  parta 
of  the  vascular  system,  they  will  give  rise  to  metastatic  foci  of  necrosis 
and  septic  disintegration  of  the  tissues,  and  purulent  inflammation,  in- 
volving not  only  the  vessel-wall  but  also  the  neighboring  tissues. 

The  process  of  puriforra  softening  of  a  venous  or  arterial  thrombns, 
associated  with  a  purulent  infiltration  of  the  vessel-wall,  is  designated 
thrombophlebitis  purulenta  or  thrombo-arterltis  purulenta.  The  in- 
flammation of  the  vessel-wall  may  take  its  start  either  in  the  aofteuing 
thrombus  or  in  the  tissues  adjacent  to  the  vessel.     In  the  latter  case  the 
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softening  of  the  thrombus  is  coincident  with  the  inflammation  of  the  ves- 
sel-wall or  else  follows  it.  These  processes  occur  most  frequently  in  the 
neighborhood  of  purulent  foci. 

The  most  favorable  sequela  of  thrombosis  is  the  organization  ol  the 
thrombus — that  is,  a  substitution  of  the  thrombus  by  vascularis 
connective  tissue. 

The  new  connective  tissue  develops  from  the  proliferating  cells  of  the 
vessel-wall,  and  all  the  coats  of  tbe  vessel  may  take  part  in  the  prolifer- 
ation. The  thrombus  itself  takes  no  part  in  the  organization ;  it  is  n 
dead  msiss  which  excites  iuflammatitm  in  the  surrounding  ti.sRues.  I" 
the  course  of  time  the  dcid  thrombus-mass  is  replaced  by  vascniai-izeil 
connective  tissue   (Fig.  24,  6,  c,  d). 
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The  cicatricial  tissue  formed  in  the  place  of  the  thrombus  contracts 
more  or  less  in  the  course  of  time.  The  cicatrices  formed  after  ligation 
may  thus  become  very  small.  Such  a  cicatrix  in  the  continuity  of  a  ves- 
sel may  later  appear  simply  as  a  thickening  of  the  vessel-wall,  or  there 
may  remain  only  threads  and  trabecul®  (Fig.  23,  bj  r,  d),  which  cross 
the  lumen  of  the  thrombosed  vessel,  so  that  the  blood-stream  can  once 
more  pass  the  affected  spot.  Not  infrequently  the  connective-tissue 
strands  crossing  the  vessel  cause  a  marked  narrowing  of  the  lumen ;  or 
the  vessel  may  become  completely  obliterated  (Fig.  23,  a),  so  that  the 
vessel  for  a  greater  or  less  distance  becomes  converted  into  a  solid  fibrous 
cord. 

The  pieces  broken  loose  from  a  thrombus  and  carried  into  an  artery 
and  there  lodged — that  is,  emboli — generally  induce  new  deposits  of 
fibrin  upon  their  surface.  Later  they  undergo  the  same  changes  as 
thrombi,  and  may  either  soften,  or  contract  (Fig.  25,  a),  or  become  calci- 
fied. If  the  emboli  are  non-infective  they  usually  become  replaced  by 
vascular  connective  tissue  (Fig.  24,  6,  c). 

In  many  cases  the  new-formation  of  connective  tissue  leads  to  the  ob- 
literation of  the  artery  (Fig.  24).  In  other  cases  in  the  place  of  the  em- 
bolus there  is  developed  only  a  ridge  of  connective  tissue  or  a  nodular  or 
flat  thickening  of  the  intima.  In  still  other  cases  the  lumen  of  the  vessel 
is  traversed  by  strands  of  connective  tissue  (Fig.  25,  b),  which  either  run 
separately  or,  interlacing,  form  a  fine-  or  coarse-meshed  network. 

If  pyogenic  organisms  are  present  in  the  emboli,  as  is  very  likely  to 
be  the  case  when  the  emboli  arise  from  a  thrombus  lying  in  a  suppurat- 
ing focus,  there  is  produced  a  purulent  process  (Fig.  26,  i)  at  the  site  of 
the  embolus  (Fig.  26,  g),  and  occasionally  ulceration  also. 
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W«lch:  Tlirombosis  and  Emboliam. 
Walch  aod  Flexner:  Jour,  of  Exper.  Med., 
See  also  g  38. 


g  40.  As  stasis  or  stagnation  ol  the  blood  is  designated  a  stoppage 
of  the  circulation  without  coagnlation,  in  which  condition  the  red  blood- 
cells  are  so  closely  pressed  together  that  the  small  vessels  appear  filled 
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with  a  red  mass  of  blood,  in  which  the  outlines  of  the  individual  red 
blood-cells  cannot  be  distinguished  (Fig.  27).  The  cause  of  this  condi- 
tion lies  most  frequently  in  the  occurrence  of  a  marked jMunve  congettm. 
When  the  blood  entering  into  a  certain  tissue-area  finds  no  areune  of 
exit,  the  circulation  in  the  small  veins  and  capillaries,  and  even  in  tbe 
smallest  afferent  arterial  branches,  comes  to  a  permanent  standstill. 
Since  from  the  arteries  there  come  with  every  pulse-wave  fresh  raassesof 
blood  to  the  congested  area,  the  capillaries  and  veins  become  more  aod 
more  distended  and  the  pressure  within  these  rises  to  the  height  of  th»t 
at  the  point  of  divergence  of  the  nearest  permeable  artery.  In  this  vay 
a  large  portion  of  the  fluids  of  the  blood  are  pressed  out  of  the  capilltiri*^ 
and  veins,  and  as  a  result  of  this  the  red  blood-cells  become  so  closely 
packed  ti^eCher  that  their  contours  are  no  longer  distinguishable,  ssi 
the  total  contents  of  the  vessel  form  a  homogeneous,  scarlet-red  column 
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(Fig.  27).  The  red  blood-cells,  however,  are  not  fused  together ;  as  soon 
as  the  hindrance  to  the  outflow  is  removed  and  the  circulation  restored, 
the  individual  corpuscles  become  once  more  separated  from  one  another. 
Stasis  may  be  caused  by  many  injurious  influences  which  affect  the 
vessel-wall  and  the  blood  itself.  Thus,  for  example,  Jieat  and  cold,  irri- 
tatian  with  acids  and  alkalies,  action  of  concentrated  soiutions  of  sugar  and  saU^ 
action  of  chloroform^  alcohol,  etc.,  cause  stasis.  These  injurious  agents  act 
in  the  first  place  by  abstracting  water  from  the  blood  and  vessel-walls, 
and  further  by  producing  essential  changes  in  the  composition  of  the 
blood-corpuscles,  blood-plasma,  and  vessel-walls;  so  that  the  red  cells 
become  less  mobile  and  the  vessel-walls  come  to  offer  increased  f  rictional 
resistance  to  the  blood-stream,  and  at  the  same  time  to  permit  the  fluid 
l)ortion8  of  the  blood  to  pass  through  them  the  more  readily.  Stasis 
may  also  be  produced  by  loss  of  water  and  drying  of  the  tissues,  an  event 
which  may  occur,  for  example,  in  injuries  which  lay  bare  tissues  lying 
within  the  body  (intestine). 
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IV.  (Edema. 

§  41.  The  free  fluid  which  permeates  the  tissues  is  essentially  a  tran- 
sudate from  the  blood,  though  under  certain  conditions  a  portion  of  the 
tissue-fluids  contained  in  the  cells  and  fibres  may  also  pass  over  into  the 
free  lymph.  The  passage  of  fluid  from  the  vessels  is  in  part  a  process  of 
filtration  and  in  part  is  to  be  regarded  as  of  the  nature  of  a  secretion, 
accomplished  by  means  of  a  specific  function  of  the  capillary  walls. 
The  fluid  secreted  by  the  capillaries  mingles  with  the  products  of  metabo- 
lism in  the  tissues,  and  is  taken  up  from  the  tissue-spaces  by  means  of 
the  lymph- vessels^  and  through  the  thoracic  duct  is  again  returned  to  the 
venous  blood. 

Every  increase  in  the  transudation  of  the  fluids  of  the  blood  causes 
first  a  more  marked  saturation  of  the  tissues,  which  may  be  compensated 
for  by  an  increased  absorption  through  the  lymph-vessels.  This  com- 
pensation has,  however,  its  limits;  with  increased  transudation  from  the 
blood-vessels  there  is  produced  a  more  or  less  permanent  over-saturation 
of  the  tissues  with  the  transuded  fluids. 

The  condition  which  is  produced  by  this  collection  of  fluids  in  the  tis- 
sues is  known  as  dropsy*  <edema,  or  hydrops.  According  to  the  extent 
of  the  condition  there  may  be  distinguished  a  general  and  a  localized  hy- 
drops. An  oedema  extending  over  the  superflcial  portions  of  the  body  is 
known  as  anasarca  or  hyposarca. 

The  transudate  front  the  hlood  which  constitutes  the  oedema  or  the  hydrops 
is  always  much  poorer  in  albumin  than  the  blood-plasma.  The  fluid  collects 
at  first  in  the  tissue-spaces  as  free  tissue-fluid  pushing  apart  the  tissue- 
elements  (Fig.  28,  b),  but  may  also  soak  into  the  tissue-demerits  themselves 
and  cause  a  swelling  of  the  cells  and  fibres,  and,  under  certain  conditions, 
the  formation  of  vacuoles  (Fig.  29),  due  to  the  collection  of  drops  of 
fluid  in  the  cells  or  their  derivatives. 

This  may  be  most  frequently  demonstrated  in  the  epithelium  of  the 
body-surfaces  and  of  glands,  but  becomes  at  times  distinctly  evident  in 
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r  DwtiH'  i-)<!i(i«'iil» — fiir«xain|ile,  in  oniMM^ttve-tifisae  cells  and  moscle- 
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abundauce  of  clear  fluid  escapes,  showing  ttic  tissues  to  be  tborouglily 
satunited  with  fluid. 

Tlie  liniK  behaves  in  a  similar  way.  Owing  to  its  limited  spaee  it 
caiiiiiit  liecuiiie  greatly  distended,  but  it  contaius  great  numbers  ol'  cavi- 
tios  jilleil  with  »ir,  which,  in  tlie 
advent  of  oedema,  become  filled 
Tith  fluid,  whicli  on  pressura 
estajjes f roni  the  cut  BUiface,  geu- 
emlly  mingled  with  aii'-bublileu. 

(Edematous    swellings    of    the 
kidoey,  which  may  become   very 

marked,  are  caused  espeoially  by  rm.  3u.-i^gnudii]ai^^MictioD  or  aeaemtunu 

the  reteutiou  in  the  dilated  uriu-     SiiwiSreJ^  '         '     "         ~  ~ 
ary  tubiUes   of  the  water  of  the     "t^im.) 
urine    secreted  by   the  glomeruli. 
In  tlie  connective  tissue  between  the  tubules  lai^  amounts  of  fluid  col- 
lect but  rarely. 

The  amount  of  blood  cou'tained  in  (edematous  tissues  is  variable,  and 
their  color  varies  accordingly. 

Body -cavities  which  are  the  seat  of  a  dropsical  effusion  contain  at  one 
time  a  large,  at  anotUer  time  only  a  small  amount:  of  a  clear,  usually 


ZitaliCT.  L  c),     n.  Coriiim;    fc.  exudate  cdnajMlni?  of  fluid,    fll)rln   and    I.uukti.s,      x   48.  " 

light-yellow,  rarely  quite  colorlcs-s,  alkaline  fluid,  which  at  times  con- 
tains a  few  fibrin  flakes  (see  the  chapter  on  Inflammation)  Compress- 
ible organs  are  compressed  by  the  effusion ;  the  body-cavities  are  dilated. 

A  collection  of  fluid  in  the  atwlominal  cavity  is  known  as  ascites. 

The  albumin -content  of  pure  tnuisudates  is  not  the  same  in  all  the 
body-cavities  and  tissues,  but  difl'ers  in  a  pronounced  degree.  Accord- 
ing to  Reuss,  the  albumin-content  of  transudations  of  the  pleura  is  22.5 
pro  mille ;  that  of  the  pericardium,  18.3;  of  the  peritoneum,  11.1;  of 
the  siit>cntaneoas  connective-tissne,  5.S ;  of  the  cavities  of  the  brain  and 
spinal  cord,  1.4.  These  facts  may  be  taken  as  a  proof  of  the  different 
coustitutiou  of  the  vessel-walls  in  the  various  tissues  of  the  body. 
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desX.  internat.  med.  Cong.,  ii.,  Berlin.  1891)  consisUof  three  partfl— the  water  of  the 
blood  preaent,  the  lymph  of  the  organ  under  consideration,  and  the  water  contaioed  in 
the  cell8  and  fibn^s — the  tissue- water.  Under  certain  conditions  the  last-mentiooed 
may  undergo  considerable  variation,  and  can  increase  at  the  expense  of  the  free  water 
of  the  blood  or  lymph,  or  diminish  in  their  favor. 

If  the  proportion  of  crystalloid  substances  (urea,  sugar,  salts)  in  the  blood  be  in- 
creased, both  the  blood  and  lymph  become  at  tlie  same  time  richer  in  water;  and  this 
is  possible  only  in  that  the  substances  injected  into  the  blood  pass  into  the  lymphatics, 
and,  by  their  affinity*  for  the  tissue- water,  excite  a  passage  of  water  from  the  tissue- 
elements.  The  rapid  passage  of  the  crystalloid  substances  from  the  blood  into  the 
lymph  is  accomplislied  with  the  aid  of  a  force  inherent  in  the  capillary  cells,  and  is  not 
a  simple  diffusion-phenomenon.  This  is  evident  by  the  fact  that  the  content  of  the 
lymph  in  sugar  or  salts  is  often  greater  than  that  of  the  blood. 

§  42.  According  to  theii  etiology  we  may  distinguish  five  varieties 
of  oedema  :  oedema  due  to  arterial  congestions  oedema  fnnn  ttagnaUon  of 
the  blood;  oedema  caused  by  a  hindrance  to  the  outflow  of  the  lymph;  oedema 
caused  by  disturbance  of  the  capillary  secretion  due  to  changes  in  the  capil- 
lary walls;  and  oedema  ex  vacuo.  The  fourth  one  of  these  Yarieties  is 
designated  by  the  practising  physician  as  inflammatory,  hydnemic  or 
cachectic,  or  neuropathic  oedema,  according  to  the  clinical  features  of 
the  case. 

(Edema  due  to  arterial  congestion  occurs  acutely  in  localized  areas, 
in  the  skin  and  subcutaneous  tissue,  mucous  membranes,  larynx,  bronchi 
(asthma),  nose,  i)erio6teum,  and  muscles  (fleeting  rheumatic  pains),  and 
has  usually  a  neurotic  character.  In  individuals  showing  the  tendency  in 
a  marked  degree,  bullae  may  even  be  formed  in  the  skin. 

CEdema  due  to  stagnation  of  the  blood  arises  when,  as  a  result  of 
the  marked  hindrance  to  the  outflow  of  blood  from  the  capillaries,  the 
pressure  in  the  capillaries  rises  and  the  fluid  portion  of  the  blood  seeks 
a  lateral  outlet,  so  that  an  increased  amount  of  fluid  escajies  from  the  ves- 
sels. The  amount  of  the  escaped  fluid  is  the  larger  the  greater  the  de- 
gree of  discrepancy  between  inflow  and  outflow ;  it  is  therefore  increased 
through  a  coincident  increase  of  the  blood  inflow. 

The  escaping  fluid  is  always  poor  in  albumin,  but  with  increased 
pressure  in  the  veins  the  albumin-content  is  increased  (Senator) ;  the 
fluid  contains  lymphocytes  (K.  Ziegler)  and  red  blood-cells,  tJie  number 
being  increased  in  proportion  to  the  degree  of  stagnation. 

The  immediate  result  of  an  increased  transudation  from  the  blood- 
vessels is  an  increase  in  the  lymph-flow,  and  this  may  be  sufficient  to 
carry  off  all  the  fluid.  If  it  does  not  so  suffice,  the  fluid  collects  in  the 
tissue-spaces  and  there  results  the  condition  of  stagnation-cedeiua  or 
dropsy.  According  to  Landerer,  this  occurrence  is  favored  especially  by 
the  fact  that  the  elasticity  of  the  tissues  becomes  diminished  as  the  i-esult 
of  the  long-continued  increase  of  the  pi'essure  to  which  they  are  sub- 
jected, fit  chronic  oedema  of  long  standing  the  lymphocytes  in  part 
undergo  progressive  changes  and  are  transformed  into  the  cells  known 
as  klasmatocytes,  plasma-cells,  and  mast-cells  (K.  Ziegler). 

Obstruction  to  the  outflow  of  lymph,  as  experiments  in  this  direc- 
tion have  shown,  is  not  ordinarily  followed  by  oedema.  The  lymph- 
vessels  in  the  different  regions  of  the  body  possess  such  extensive  anas- 
tomoses that  an  obstruction  to  the  outflow  of  lymph  does  not  readily  occw. 
Even  when  all  of  the  lymph-channels  of  an  extremity  are  obstructed,  if 
the  amount  of  lymph  formed  is  normal  there  results  no  oedema,  inas- 
much as  the  blood-vessels  are  able  to  take  up  the  lymph  again.  Only  the 
occlusion  of  tfie  thoracic  duct  is  likely  to  lead  to  a  stagnation  of  the  lymph 


(EDEMA.  155 

and  the  production  of  oedema,  particularly  of  ascites,  but  it  must  be 
observed  that  even  in  this  ease  collateral  channels  may  be  opened  up  and 
suffice  to  carry  off  the  lymph. 

Although  lymphatic  obstruction  is  not  ordinarily  sufficient  in  itself 
to  produce  oedema,  yet  it  does  increase  an  cedema  caused  by  an  increased 
transudation  from  the  blood-vessels. 

Pathological  changes  in  the  walls  of  the  capillaries  and  veins  of 
such  a  nature  as  to  cause  an  increase  in  the  vascular  secretion,  and 
thereby  give  rise  to  an  cedema,  may  occur  as  the  result  of  a  long-con- 
tinuedpassive  congestion  and  the  consequent  imperfect  renewal  of  the  blood. 
Such  changes  occur,  however,  much  more  frequently  as  the  result  of 
prolonged  ischcemia^  lack  of  oxygen^  Ojction  of  high  or  low  temperatureSy  trau- 
matic injury,  the  development  of  tumors  (esi)ecially  in  the  serous  mem- 
branes), infection,  and  intoxication.  It  is  also  probable  that  either  irrita- 
tion or  paralysis  of  the  vasomotor  nerves  may  lead  to  an  increase  of  the 
vascular  secretion.  Just  what  changes  the  vessels  suffer  under  these  con- 
ditions we  are  not  able  to  state  precisely,  but  it  may  be  assumed  that 
some  alteration  of  the  endothelial  cells  and  of  the  cement-substance  plays 
the  chief  role  rendering  the  vessels  more  x>ermeable.  The  oedemas  pro- 
duced by  the  influences  above  mentioned  may  be  classed  according  to 
their  cause  as  toxic,  infectious,  thermal,  traumatic,  ischasmic,  neuro- 
pathic, etc. ;  and  such  a  classification  has  much  to  commend  it.  Hith- 
erto the  forms  of  oedema  here  under  consideration,  with  the  exception  of 
the  neuropathic  forms,  have  been  classed  ordinarily  into  two  groups — 
namely,  inflammatory  and  cachectic  oedema. 

Inflammatory  oedema  is  without  doubt  to  be  referred  to  an  altera- 
tion of  the  vessel-wall,  and  occurs  both  as  an  independent  affection,  in 
the  form  of  circumscribed  or  more  diffuse  swellings  and  hydropic  effu- 
sions, and  also  as  a  coincident  phenomenon  in  the  neighborhood  of  severe 
inflammatory  processes.  In  the  latter  case  it  is  frequently  designated 
coUateral  cedema.  Inflammatory  oedema  is  distinguished  from  stagnation- 
oedema  by  the  fact  that  the  transuded  fluid  is  markedly  richer  in  albumin 
and  in  the  number  of  white  blood-corpuscles  present,  and,  further,  in  the 
fact  that  larger  masses  of  coagula  (Fig.  31,  b)  occur  in  it  (see  chapter 
on  Inflammation).  Its  cause  is  to  be  sought  sometimes  in  infectious  and 
toxic,  sometimes  in  thermal  and  traunmtic  influences,  at  other  times  in  a 
temporary  ischsemia. 

As  to  hydrasmic  or  cachectic  oedema,  it  was  formerly  believed  that 
hydrsemia — that  is,  the  diminution  of  the  solid  elements  of  the  blood — as 
well  as  hydnemic  plethora — that  is,  a  retention  of  water  in  the  blood — 
could  directly  cause  an  increased  transudation  from  the  blood-vessels. 
It  was  supposed  that  the  vessel-walls  behaved  as  dead  animal  mem- 
branes, and  allowed  a  fluid  poor  in  albumin  to  filter  through  more  easily 
than  one  richer  in  albumin.  The  vessel-wall  is  not,  however,  a  lifeless 
animal  membrane,  but  must  be  regarded  as  a  living  organ.  A  hydrae- 
mia  experimentally  produced  does  not,  according  to  Cohnheim,  give 
rise  to  an  oedema.  Even  when  a  hydrsemic  plethora  is  produced  by  the 
over-filling  of  the  blood-vessels  with  a  watered  blood,  and  there  results 
an  increased  transudation  from  the  vessels,  eventually  leading  to  oedema, 
the  oedema  so  produced  occurs  only  when  the  proportion  of  water  in  the 
blood  becomes  very  high,  and  does  not  develop  in  the  same  regions  where 
the  80-calied  hydremic  oedema  in  man  appears.  We  must  therefore  as- 
sume that  the  oedema  of  cachectic  individuals,  as  well  as  that  occurring 
in  individuals  suffering  from  nephritis  with  impairment  of  renal  f uuc- 
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tioD^  dependf^  ^^tie^uiudly  njtfm  an  aJU-nxiiom  uf  ike  remH-waU^  which  Ls 
eauMbd  either  by  ttie  h^draexuic  character  of  the  blood  or  bv  a  poisiiin  eir- 
i'uUtiu^  ill  the  hlifittl.  Pn>bably  other  lesaons  of  the  tis^e  thruugh 
nhifh  the  ehij4ieitv  of  the  Litter  Ls  dLuiinished  are  als«o  eoDcemed.  ^v- 
dree^mkt  therefore/aror»//f^  otynrrrnre  of  adt-ma^  but  is  not  the  sole  cau^^ 
thereof,  ^hI,  in  |iartic*uhir,  dijes  not  determine  its  localization. 

Cachectic  (edeiua  \a  in  {lart  allied  to  stajrn^tion-utdema  and  in  ]iart  t< 
inflaiiijoaton*  <£<ieuia,  in  that  at  one  time  the  cireulatory  disturbance  is  a 
prominent  feature,  at  another  time  the  va^nlar  alteration. 

CEdema  ex  vacuo  occurs  chiefly  in  the  cranial  cavity  and  in  the  spinal 
conl.  and  arisen  in  all  cases  in  which  a  portion  of  the  brain  or  spinal  cord 
is  h»st  and  not  rrfplace^l  by  some  other  ti^ne.  In  atrophy  of  the  brain 
an4l  spinal  cord  the  subarachnoidal  spaces  in  particular  become  enlargtKi, 
otf'casionally  the  ventricles  alsii.  The  fluid  has  the  same  albumin  content 
as  the  normal  cerebrc»spinal  fluid.  Local  defects  become  filled  either  by 
a  dilatation  of  the  nearest  suliarachnoidal  spaces  or  of  the  adjacent  por- 
tions of  the  ventricles,  or  through  a  collection  of  fluid  at  the  site  of  the 
defect  itfielf. 

According  to  Cohnheim  and  lAdUheim,  injections  of  aqueous  solutions  of  salt  into 
the  Tascular  syBtem  of  dogs  ( Vireh.  Ardi,^  69  Bd.)  show  that  hydnemia  does  not  pro- 
duce a^dema.  If  the  mass  of  the  fluids  of  the  blood  be  increased,  there  rraolts  an  in- 
Cfease  of  almost  all  the  secretions  (saliva,  intestinal  juices,  bile,  urine,  etc.),  and  also  of 
the  flow  of  the  lymph ;  the  latter,  however,  not  universally,  in  particular  not  in  the 
extremities.  In  a  high  degree  of  hydrsmic  plethora  the  abdominal  organs  become 
dropsical,  but  never  the  extremities.  Control-experiments  recently  carried  out  by 
FraneotU  confirm  the  observation  that  hydnemlc  plethora  artifidally  produced  in  ani- 
mals causes  In  the  flrst  place  a  dropsy  of  the  abdominal  organs;  but  this  observer  was 
able  to  produce  also  an  oedema  of  the  skin  and  subcutaneous  tissues. 

Tbe  view  tliat  the  so-called  hydrsemic  cedema  is  merely  the  result  of  an  increase  in 
the  akwolute  amount  of  water  in  the  blood,  is  championed  especially  by  wn  ReeJding- 
hmuen  and  by  PUenti,  The  distribution  of  tbe  dropsy  is,  according  to  ton  Redding- 
hatuen,  essentiallv  dependent  upon  bodilv  position,  external  pressure,  impeded  circula- 
tion, difference  in  tbe  innervation  of  different  vascular  areas,  and  the  consequent 
difference  in  the  fulness  of  their  vessels. 

I  can  subscribe  to  tbese  opinions  only  in  so  far  as  they  apply  to  tlie  influence  of 
the  above-mentioned  modifying  factors  upon  the  distribution  of  the  o^ema,  but  not 
as  regards  the  main  point.  For  tlie  other  side  speak  not  only  the  experiments 
of  Cohnheim  and  Lichtheim  above  mentioned,  but  also  the  fact  that  in  nephritic  and 
cachectic  individuals  oedema  not  infrequently  appears  at  a  time  when  no  hydntmic 
plethora  is  present;  and,  further,  in  cases'of  hydnemic  plethora  no  oedema  may  occur. 
I  therefore  look  upon  the  increase  in  the  amount  of  water  as  only  one  factor  which  is 
favorable  to  the  occurrence  of  oedema. 

According  to  the  investigations  of  Piekhardt,  pathological  transudates  constantly 
contain  uric  acid:  the  fluid  of  ascites  about  0.0036  per  cent;  the  fluid  of  oedema,  0.0075 
per  cent ;  and  pleuritic  exudates  about  0.0015  per  cent.  Sugar  is  also  constantly  pres- 
ent, uaually  as  dextrose. 

Effuaians  into  the  large  $erou»  eavitiei  of  the  body  occasionally  present  a  miUcy  app&tr- 
aneet  or  a  certain  degree  of  opalescence.    This  phenomenon  is  most  often  due  to  tbe 

Sresence  of  chyle  {hydrops  eltyUmis),  or  of  fat  {hydrops  adiposus  or  ckyliformi*),  or  of 
oth.  Moreover,  the  presence  of  different  albuminoid  bodies,  mucoid  substances 
(Ilammarsten),  casein -like  bodies  {Lion),  lecithin  {Mit^heU,  Mattiroli,  Grross),  may  pro- 
duce cloudiness  of  the  transudate,  la  so  far  as  chyle  is  not  the  cause,  the  substances 
producing  the  cloudiness  arise  for  the  greater  part  from  disintegrating  cells.  Acconl- 
ing  to  Hernert,  a  cloudiness  may  be  procluced  by  albumins  belonging  to  the  group  of 
globulins,  from  which  by  means  of  hot  alcohol  considerable  amounts  of  lecithin  may  be 
obtained.    The  fat-content  is,  moreover,  very  low. 

According  to  Ueidenhain,  the  specific  function  of  the  capillary  walls  plays  a  coo- 
trolling  part  in  the  formation  of  the  lymph.  Consequently,  the  lymph-production  can 
be  Influenced  by  various  substances  present  in  tbe  blood.  The  crystalloid  substances 
are  auickly  eliminated  from  the  capillaries,  and  cause  a  discharge  of  tissue-fluid  into 
the  lymph,  as  has  already  been  mentioned  In  §  41.  Eeidenhain  has,  however,  found 
substances  which,  when  injected,  cause  an  Increase  in  the  transudation  of  water  from 
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the  blood  into  the  lymph.  This  may  be  accomplished,  for  examplep  with  decoctiouH  of 
the  muscles  of  crabs  and  of  fresh-water  mussels,  or  of  the  heads  and  bodies  of  leeches, 
or  through  injections  of  peptone  and  egg-albumin.  By  these  means  the  amount  of 
lymph  flowing  from  the  thoracic  duct  may  be  increased  five-,  six-,  and  flfteenfold.  At 
the  same  time  the  amount  of  organic  constituents  in  the  lymph  is  increased.  The 
active  substances  must  therefore  stimulate  the  specific  function  of  the  cells  of  the 
vessel- walls  which  secrete  the  lymph.  According  to  these  observations,  it  is  probable 
that  many  of  the  affections  of  the  skin  described  as  neuropathic,  and  which  are  charac- 
terized by  hyperoemia  associated  with  cedematous  swelling — as,  for  example,  urticaria, 
erythema  nodosum,  herpes  zoster — are  to  be  regarded  as  symptoms  of  intoxications 
coupled  with  nervous  affections  and  with  distur&nce  of  the  secretory  activity  of  the 
capillaries.  It  is  also  possible  that  the  secretion  of  the  capillaries  may  be  directly  af • 
fected  by  ndrvous  influences. 

MagnuM,  on  the  other  hand,  on  the  ground  of  experimental  investigation  (infusions 
of  physiological  salt-solutions  in  normal  animals,  irrigation  of  dead  animals  with  salt- 
solution  after  poisoning  with  arsenic,  chloroform,  chloral  hydrate,  and  ether,  and  after 
the  removal  of  the  kidneys  and  ligation  of  the  ureters),  arrives  at  the  following  con- 
elusions:  The  capillary  walls  during  life  offer  a  resistance  to  the  passage  of  fluids; 
after  death  this  resistance  disappears.  An  injury  to  the  capillary  wall,  and  a  diminu- 
tion of  its  resistance,  favor  the  occurrence  of  crdema.  There  are  poisons  which  are 
able  to  injure  the  capillary  wall  in  such  a  manner  that  it  becomes  abnormally 
permeable. 

AUm  emphasizes  likewise  the  importance  of  the  increased  permeability  in  the  case 
of  the  escape  of  a  large  amount  of  blood-scrum.  Hydraemia  and  plethora  may  con- 
stitute the  conditions  favoring  this. 
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V.  Hemorrhage  and  the  Formation  of  Infarcts. 

§  43.  By  haemorrhage  is  understood  the  escape  of  all  the  constitnents 
of  thi^  bUuHl  frtnu  the  vessels  {extravasation)  into  the  tissues  or  upon  a 
fix^e  nnrfuw.  It  may  be  either  arterial^  venous,  or  capiUary,  or  the  blood 
may  ewaiH^  from  the  heart.  The  blood  which  has  escaped  from  the  vas- 
cular system  is  termed  au  extmvasate.  For  the  designation  of  especial 
ftu'ms  of  hiemorrhage  a  very  great  variety  of  terms  is  used.  If  the 
hiiMUorrhagie  fixn  are  small,  and  form  more  or  less  sharply  outlined, 
punotute,  itHl  or  dark-red  spots,  they  are  called  |>€f«?!ftf«p  or  ecchymom; 
if  they  ai'e  largi^r  and  not  sharply  outlined,  they  are  known  as  suggiUa- 
tioHs  and  as  hfo^nly  ^tMjTiatONt.  If  the  affected  tissue  is  firmly  infiltrated 
with  theesmjuHl  bbMHl,  but  not  torn  or  destroyed,  the  condition  is  spoken 
of  iv«  a  A«nii<»n*Aityir  iN/oirf.  If  the  extravasated  blood  forms  a  large 
UUIS8,  this  is  known  as  a  kitmatoma  or  biooil-ttimor. 

The  bUnnl  which  esinnH*s  from  the  ves^^els  into  the  tissues  collectxS  at 
first  tn  I  lie  tissue  s|ku"v^  i.^^g-  *^V  Large  hsemorhages  may  completely 
iMUUH^il  the  structure  of  the  tissue  (^Fig.  33,  d).  Delicate  tiroes,  as  those 
of  the  bi^iu  or  spiiml  ronl«  ma>*  he  destroyed  by  laige  hsemqrrfaages. 

If  the  hanuorrliagi^  ih^cuv^  on  the  five  surface  of  an  organ,  the  blood 
either  ^VMnqn'^  exterwaUy  or  is  ponrvd  into  a  neighboring  cavity. 

Ilanuorrtu^j^*  fr^nu  llie  luvi^*  is  called  r^tun*:  vomitiiig  of  blood, 
Mr«M4ilt  ii««ci«st  ^  bU^Mlii^  fn%m  the  luu^  ktrm^tpiiw  or  h^twMpiytU:  fn^m  the 
uterus,  Mt^Mu^^u-fti  ami  ••#'iiorr*,fCNi  idariug  the  menses);  luemorrhaj.'e 
t^iuu  the  uviiuiry  orgHus,  itruMtvi-iii;  bemorrliage  from  the  sweat -ghuMH 

\  t^uhvtuui  \Mr  bUni^l  in  the  uteriwe  canity  is  designated  ushtrmido- 
iiH<»^  iu  t W  i^leuml  c;A\  tt>  as  k«rv«.^i%«ou;  in  the  tunics  of  the  testicle  ^ 
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Htemorrh^es  of  the  skin  not  caused  by  ti'auma  are  usually  termed 
purpura  (Fig.  32).  Collections  of  blood  and  fluid  beneath  the  epidermis 
ill  the  place  of  the  dJSBolved  deeper  epithelial  layers  give  rise  to  hamor- 
rhagic  bUhn, 


Ra.  31— HKiDotTtiBee  Id  tbe  iklD  near  Hie  tuee;  from  ■  man  elcbcj-one  jtan  of  tge.     (Formalin, 


Eecent  extravasationa  show  the  chanusteristio  color  of  either  arterial 
or  venous  blood.  Later  the  extravasate  shows  various  alterations  which 
are  chanicterized  particularly  by  color-changes.  Suggillations  of  the 
skin  become  first  brown,  then  blue,  and  green,  and  finally  yellow.  In 
the  course  of  time  the  extravasate  is  absorbed  (see  Chapter  V, ) ,  and  dur- 
ing this  absorption  tissue- proliferation  often  occurs.  Large  collections 
of  blood  may  become  partly  organized  iuto  connective  tissue  or  may 
become  encapsulated  (see  Chapter  VII.). 

A  hsemorrhage  may  occur,  in  the  first  place,  from  rupture  of  the 
heart  or  tbe  vessel-wall — that  is,  per  rhexln  or  per  diabrosln.  This  is 
the  only  form  of  cardiac  and  arterial  htemorrhage.  From  the  capillaries 
and  veins  haemorrhage  may  occur  also  per  diapedesin— that  is,  by  a  proc- 
ras  in  which  tbe  red  cells  escape  through  the  vessel-wall  without  the  oc- 
currence of  a  tear  in  the  same.  Very  ofteu  such  hemorrhages  are  small 
and  of  slight  extent;  in  other  ea.ses  the  process  continues  for  a  longer 
time,  and  the  infiltration  of  the  tissues  with  red  cells  reaches  a  significant 
degree,  lljemorrhages  by  diapedesis  are  tlierefore  not  always  small, 
hiemorrhages  by  rhexis  not  always  large.  The  rupture  of  a  capillary 
or  small  vein  does  not  give  rise  to  a  large  hamorrhiige ;  on  the  other 
hand,  a hiemorrhage  through  diapedesis  can  reach  an  important  size. 

The  causes  of  Interruption  of  continuity  of  the  heart-wall  and 
vessel-walls  are  in  part  ti-numaiir.  injuries,  iu  part  iiirren^  ofintravan- 
cttlar pressure,  and  in  jiart  ilimtisal  eouditwvs  of  Ihr  limrt  <iii<l  ri'sufl- trail. 
Increase  of  the  blood -pressure  in  the  capillaries  and  smallest  veins  can 
lead  to  rupture  without  the  aid  of  vascular  changes,  particularly  in  the 
case  of  marked  passive  congestion.  The  heart,  normal  arteries,  and  nor- 
mal veins  of  lai^  size  cannot  be  ruptured  through  increase  of  pressure 
iilone,  but  abnormally  thin-walled  or  diseased  areas  in  either  the  heart. 


160  DISTURBANCES   OF   THE    CIRCULATION. 

arteries,  or  veins  may  be  bo  ruptared.     Kewly  formed  vessels  are  easily 
torn. 

Diapedesis  may  be  caused  by  au  increase  of  pressure  iu  (he  capillaries 
and  veins,  as  well  as  by  an  increased  permeabtiUy  of  the  vessel-iFall. 
If  the  outflow  of   the  veuous  blood  in  a  given  vascular  area  be  ob- 


structed, diapedesis  of  red  cells  from  the  capillaries  and  veins  takes  plac«; 
and  this  is  to  be  regarded  as  a  result  of  the  iucreased  pressure  iu  the  ves- 
sels. Diapedesis  as  a  result  of  changes  iu  the  vessel-wall  occurs  particD- 
larly  after  mechanical,  chemical,  and  thertnal  lesions  of  the  vessel ;  and 
it  may  be  assumed  thatcertaiu^oMons  produce  especially  marked  chauges 
iu  the  vessel-walls.  Further,  an  abuormal  permeability  of  the  vessel- 
walls  is  also  observed  when  for  a  long  period  the  vessels  have  not  been 
traversed  by  the  blood-stream,  and  have  suffered  in  tiieir  nutrition  ui 
consequence. 

When  an  iudividual  shows  a  special  tendency  to  hsemorrhage,  the 
condition  is  designated  as  hRmorrhaglc  diathesis.  Two  forms  may  be 
distinguished — a  congenital  and  au  actiuired. 

The  congenital  hcemorrhagic  diathesis  or  congenital  hiemopbiliat 
which,  as  already  mentioned  in  g§  15  and  16,  belongs  to  the  diseases 
which  may  be  inherited,  depends  most  probably  upon  an  abnormal  ooii- 
fititntion  of  the  vessel  walls.  The  composition  of  the  blood  may  also  be 
pathological,  so  that  a  haemorrhage  once  started  is  not  arrested,  as  vtsaai, 
by  the  coagulation  of  the  blood, 

An  acquired  haemorrhagic  diathesis  occurs.  Id  the  first  place,  io 
those  diseases  which  are  known  as  scurvy,  morbus  maeulosus  Werlhofii, 
purpura  simplex,  purpura  (pelioais)  rheumatica,  purpura  htemorrhagica, 
hramophUia,  and  melsena  ueonatornm  (gastric  and  intestinal  ha?mor- 
rbages),  and  Moller's  or  Barlow's  disea.se;  and,  further,  in  many  iufec- 
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tions  and  intoxications — namely,  septiceemia,  endocarditis,  anthrax, 
typhus  fever,  cholera,  smallpox,  plague,  acute  yellow  atrophy  of  the 
liver,  yellow  fever,  nephritis,  phosphorus  poisoning,  after  snake-bites, 
etc. ;  and,  finally,  also  in  pernicious  anaemia,  leuksemia,  and  pseudoleu- 
ksBinia.  In  the  first  group  of  diseases  named — all  of  which  are  charac- 
terized by  haemorrhages  in  the  skin,  mucous  membranes,  and  parenchyma 
of  various  organs  and  tissues  (in  Barlow's  disease,  which  oft^n  occurs  in 
children  of  from  one  and  one-half  to  two  years  old  in  association  with 
rickets,  the  haemorrhages  are  subperiosteal) — the  cause  has  been  gener- 
ally supposed  to  lie  in  disturbances  of  nutrition  and  of  the  circulation;  but 
recent  observations  make  it  very  probable  that  these  affections,  at  least 
in  a  great  part,  belong  to  the  infectious  diseases.  W.  Koch  is  of  the  opin- 
ion that  scurvy  is  an  infectious  disease,  and  that  the  different  forms  of 
purpura,  erythema  nodosum,  and  the  haemorrhages  occurring  in  the  new- 
born represent  varieties  of  this  infection.  In  the  last  few  years  bacteria 
have  been  repeatedly  found  in  these  conditions — namely,  purpura  haemor- 
rhagica  and  the  haemophilia  of  the  new-born.  In  this  connection  should 
be  mentioned  especially  the  investigations  of  Kolb,  Babes,  Gartner,  Car- 
ri^re,  Tizzoni,  and  Giovannini,  who  have  found  in  these  diseases  certain 
bacilli  which  were  pathogenic  for  animals,  and  which,  when  inoculated 
into  the  latter,  produced  a  disease  characterized  by  hiemorrhages.  These 
diseases  are  also  associated  with  other  infections  characterized  by  haem- 
orrhages, and  it  may  be  assumed  that  the  haemorrhages  are  in  part  caused 
by  local  changes  of  the  vessel-waU  which  are  due  to  local  development  of  bac- 
teria, and  in  part  to  the  injurious  influence  of  the  toxic  substances  produced  by 
the  bacteria  themselves. 

The  haemorrhages  occurring  in  anaemic  conditions  are  to  be  regarded 
as  the  result  of  anaemic  degeneration  of  the  vessd-toaU,  though  partly  also 
as  a  result  of  circulatory  disturbances. 

A  number  of  apparently  spontaneous  haemorrhages  are  connected  with 
irritation  or  paralysis  of  the  vasomotor  nerves,  arising  either  from  the  cen- 
tral nervous  system  or  by  reflex  action,  or  through  lesions  of  the  con- 
ducting nerve-fibres.  In  this  category  belong  the  haemorrhage  of  men- 
struation, many  forms  of  haemorrhage  from  the  nose,  intestine,  and 
urinary  bladder,  also  haemorrhages  from  the  conjunctiva,  skin  (stigmati- 
zation),  from  the  normal  kidney,  mammary  glands,  from  haemorrhoids, 
wounds,  etc.  Further,  certain  haemorrhages  from  the  lungs  following 
severe  cerebral  lesions  are  also  to  be  considered  in  this  connection, 
though  in  a  given  case  it  is  not  always  possible  to  judge  with  certainty, 
since  disturbances  of  respiration,  as  well  as  the  aspiration  of  irritating 
substances  into  the  lungs,  may  likewise  lead  to  hyperaemia  and  to  haemor- 
rhage in  the  lung.  Finally,  in  cerebral  disease,  particularly  in  disease 
of  the  crura  cerebri,  there  occur  haemorrhages  from  the  stomach  and  in- 
testines, which  are  dependent  upon  the  cerebral  lesion.. 

Hcemorrhages  per  rhexin  cease  when  the  .extravascular  pressure  comes 
to  equal  the  pressure  within  the  bleeding  vessel,  or  when  the  narrowing 
of  the  vessel  and  the  processes  of  coagulation  and  thrombosis  close  the 
rent.  Huemorrhage  by  diapedesis  ceases  through  a  cessation  of  blood-sup- 
ply to  the  bleeding  vessel,  or  when  the  abnormal  intravascular  pressure 
is  lowered  and  the  vessel-wall  is  restored  to  its  normal  state. 

The  process  of  diapedesis  may  be  observed  under  the  microscope  in  the  frog's 
mesentery  or  web.  If  before  the  examination  the  efferent  veins  are  li^ated,  the  capil- 
laries and  veins  are  seen  to  be  engorged  with  blood.    After  a  certain  time  the  red 
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blood  cella  begin  to  pass  from  the  capfllailesaiid  veins  (see  OohnMm,  *  Allgem.  Pith./ 
I.,  and  Vireh.Areh.,  41  Bd.).  Arnold  (  Virch,  Areh.,  58,  62  u.  64  Bd.)  believeii  at  fiis? 
that  at  the  place  of  exit  of  tbe  corpuscular  elements  spaces  between  the  endmheliiil 
cells  must  exist,  and  these  he  designated  as  stigmata  and  storoata:  later  he  found  tha: 
the  supposed  openings  consisted  of  more  marked  heaping-up  of  the  cement-substaw- 
between  the  endothelial  cells.  Under  pathological  conditions  the  cement^ubstoDCt 
gives  way  and  allows  the  red  blood-cells  to  pass  through* 
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§  44.  The  sudden  closure  of  an  artery  by  thrombosis,  or  embolism, 
or  by  ligation,  or  by  any  other  means,  leads,  as  has  already  been  stated 
(§39),  to  a  stoppage  of  the  circulation  beyond  the  point  of  obstruction, 
after  the  vessel  has  more  or  less  completely  emptied  itself  by  the  con- 
traction of  its  walls.  At  the  same  time  there  is  an  increase  of  pressure 
in  the  vessel  from  the  point  of  obstruction  back  to  the  point  of  divergence 
of  the  nearest  arterial  branch.  K  the  branches  of  the  artery  beyond  the 
point  of  obstruction  have  free  arterial  communication  with  some  other 
anobstructed  artery,  the  latter  by  becoming  dilated  may  be  able  to  sup- 
ply a  sufficient  amount  of  blood  to  the  affected  area  and  the  circulation 
is  thus  restored. 

If  the  area  of  the  obstructed  artery  has  no  collateral  connections 
through  which  it  may  draw  its  blood-supply,  the  portion  of  tissue  de- 
prived of  blood  remains  ansemic  and  dies,  thus  giving  rise  to  an  anaemic 
infarct.  Parenchymatous  organs — as,  for  example,  the  spleen  and  the 
kidneys — present  in  such  infarcted  areas  a  cloudy,  opaque,  yellowish- 
white,  often  clay-colored  appearance.  (See  §48.) 

When  the  area  of  distribution  of  the  obstructed  vessel  possesses  no 
collateral  anastomoses,  as  in  the  case  of  a  terminal  artery,  but  if,  on  the 
other  hand,  there  is  a  scanty  influx  of  blood  from  neighboring  capillaries 
or  from  the  veins,  a  liaemorrliagic  infarct  may  be  formed.  The  capil- 
laries of  the  area  rendered  ansemic  by  the  obstruction  become  gradually 
filled  once  more  with  blood,  which  in  part  comes  from  the  capillaries  of 
the  adjacent  vascular  area,  and  in  part  from  the  veins,  from  which  the 
blood  flows  in  a  retrograde  direction.  The  blood  flowing  in  from  the 
adjacent  capillaries  is  under  very  low  pressure,  which  is  not  sufficient  to 
drive  the  blood  quickly  through  the  obstructed  area  into  the  veins. 
When  the  conditions  of  pressure  become  such  that  a  retrograde  current 
sets  in  from  the  veins  into  the  capillaries,  the  restoration  of  the  normal 
circulation  becomes  wholly  impossible. 

The  imperfect  circulation  in  the  obstructed  area,  which,  through  proc- 
esses of  coagulation  in  the  veins  and  capillaries,  is  Anally  brought  to  a 
complete  standstill,  leads,  in  case  there  is  not  a  restoration  of  the  normal 
flow  of  blood  in  the  vascular  system  through  a  speedy  adjustment  of  press- 
ure, sooner  or  later  to  a  degeneration  and  necrosis  of  the  vessel-wall, 
and  thereby  to  an  increased  permeability  of  the  same.  As  a  result,  if 
the  afflux  of  blood  be  continued,  there  occur  in  the  stagnated  area  a  dia- 
pedeMs  of  red  cells  and  an  infiltration  of  the  tissue  with  extravasated  blood- 
corpuscles,  through  which  the  obstructed  area  acquires  a  dark-red  color 
and  a  firmer  consistency;  a  h^Bnwrrluigic  infarct  is  thus  formed  (Fig.  34). 
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Embolic  hfBmorrhoffie  infarcts  occur  in  the  lungs  (Fig.  34).  bnt  lire 
formed  aftt^r  the  embolic  obstruction  of  an  artery  only  when  there  pxwf* 
apoJKive  congetiion  of  the  lung*;  while  in  the  case  of  a  normal  pulmomin 
circuliLtion  the  disturbances  of  circulation  produced  by  the  embolism  are 
quickly  compensated.  In  tlie  systemic  circulation  extensive  embolic 
hffiuiorrhages  are  confined  almost  entirely  to  the  region  of  disthbutioD 


TtO  31.— HamoTTtuucIo  InCtrct  ot  tbe  Ionic.  (Haiiulaij'llii  and  MSla.)  AlTmll  Uted  with  Mood: 
HSUered  pale  nuclei  InUieKlveoUrtepUkiid  In  tbe  bbndol  Uteilieolu-iiiuse.  belengtaiff  puUrlotm- 
oectlTfriUHie  cellaaad  pvU;  to  leucocTtH.    X  40. 

of  the  superior  mesenteric  artery,  whose  branches,  though  not  terminal 
arteries,  possess  bat  fe\r  anastomoses.  Atuemic  infarcts  occur  especinllf 
in  the  s^een,  heart,  and  kidneys.  Around  the  periphery  of  the  aniemic 
area  there  is  always  more  or  less  tuemorrhage,  so  that  the  pale  area  of 
the  infarct  is  surrounded  by  a  luemorrhagic  border  or  al;  least  by  htmiff- 
rhagic  spots.  In  the  case  of  obstruction  of  the  cerebral  arteries  or  those 
of  the  extremities,  or  the  central  artery  of  the  retina  punctate  bffnior- 
rbages  may  also  occur.  Within  tbe  iufarcted  area  the  tissues  are  wtiolly 
or  for  tbe  greater  part  dead,  and  the  specific  elements  of  the  otgaa  iu 
particular  (Fig.  38,  c,  d)  die  quickly.  After  a  time  an  exudative  inflam- 
mation arises  in  the  neighborhood  of  ansemio  and  heemorrhagic  infarcts 
with  the  formation  of  a  cellular  (Fig.  36,  / )  or  a  cellular  and  fibrinoaa 
exudate;  and  this  is  followed  by  tissue -proliferation  througii  which  thf 
dead,  hffimorrhagic  area  is  gradually  absorbed  and  replaced  by  connec- 
tive tissue  (see  Part  II.  of  Chapter  VTL). 

VirehoK,  who  vas  the  flrat  to  carry  out  extensive  experimental  tnTealtgitloDi 
with  reference  to  tlirombosiB  and  emboliBm,  leaves  in  his  published  works  the  questioa 
of  the  origin  of  embolic  hiemorrhagic  Infercts  still  opea;  but  expresses  the  (jpiiiioo  tint 
most  probably  the  vesBel-waila  In  tbe  obstructed  area  suffer  clianges  by  whicli  the.' 
become  more  permeable  and  fragile.  It  a  collateral  circulation  lie  afterward  rsMb- 
lished,  secondary  hsmoirbage,  exudation,  and  extravasation  take  place  as  the  result  nl 
the  changes  in  the  vesset-wall.  Cehnheim,  who  studied  the  results  of  embolism  ialk 
frog's  tongue  directly  under  the  microscope,  demonstrated  the  retrograde  flow  of  Hooi 
ID  the  veina,  the  lefllling  of  the  capillaries,  and  the  escape  of  blood  by  diapedeni 
The  cause  of  the  diapedesta  he  believed  to  be  easentially  the  disorgoaizatioD  of  lt>' 
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vessel-wall  caused  by  the  anaemia.  Litten  regarded  the  retrograde  flow  of  blood  from 
the  veins  as  unessential,  and  referred  the  refilling  of  the  aueemic  area  to  an  influx  of 
blood  from  the  capillaries  of  the  neighboring  vascular  areas.  He  also  regarded  the 
disorganization  of  the  vessel-walls  as  unnecessary  for  the  production  of  infarction,  in- 
asmuch as  the  stagnation  is  sufficient  in  itself,  as  In  the  case  of  venous  obstruction,  to 
explain  the  diapedesis.  The  diapedesis  is  therefore  increased  whenever  in  such  foci 
the  blood  coagulates  in  the  efferent  veins.  Von  RecklinghavMn  considers  the  prin- 
cipal factor  in  the  formation  of  a  hemorrhagic  infarct  to  be  a  hyaline  thrombosis  of 
the  capillaries  of  the  obstructed  area.  If  blood  subsequently  enters  from  neighboring 
vessels  into  the  still  pervious  vessels  of  the  area,  it  encounters  resistance,  becomes 
stagnant,  and  then  escapes  from  the  vessels. 

The  essential  cause  of  the  escape  of  blood  in  the  case  of  hsemorrhagic  infarction  lies 
in  the  stagnation  of  the  blood  in  the  affected  area,  and  in  the  degeneration  or  death  of 
the  tissue  and  the  blood-vessel  walls.  The  latter  change  mav  be  recognized  with  cer- 
tainty through  the  disappearance  of  the  nuclei.  Secondary  thrombosis  in  the  vessels  of 
the  obstructed  area  is  of  frequent  occurrence,  and  increases  the  stagnation  and  haemor- 
rhage, but  thrombi  are  not  always  present  at  the  time  of  the  hseraorrhage,  and,  therefore, 
cannot  be  regarded  as  the  essential  factor  in  the  production  of  the  latter. 

According  to  investigations  by  Orth,  hfemorrhagic  infarcts  may  be  produced  in 
dogs  through  the  introduction  of  chemically  irritating  emboli  into  the  pulmonary 
arteries. 

In  the  lungs,  in  conditions  of  passive  congestion  and  inflammation,  there  not  infre- 
quently occur  extensive  haemorrhages,  which,  in  case  they  are  restricted  to  a  circum- 
scribed area,  closely  resemble  embolic  infarcts.  They  are  usually  less  sharply  outlined 
and  less  Arm,  so  th[at  in  the  majority  of  cases  they  are  easily  distinguished  from  the 
embolic  infarcts. 
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VL  Lymphorrhagta. 

§  45.  Lympherrhagia  occurs  when  the  continuity  of  a  lymph-vessel 
is  interrupted  at  any  point  and  the  lymph  is  poured  out  into  the  neigh- 
horing  tissue.  Since  the  pressure  in  the  lymph-vessels  is  very  low — that 
is,  not  greater  than  in  the  surrounding  tissues — ^an  outflow  of  lymph 
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from  a  lymph-vesHel  can  occur  only  when  the  injured  vessel  lies  on  the 
external  norfaee,  or  when  a  natural  cavity  is  at  hand  into  which  the 
l3nDiph  can  flow,  or  when,  through  the  same  cause  producing  the  rapture, 
an  open  space  is  formed  at  the  same  time  in  the  tissues.  So,  for  exam- 
ple, an  escape  of  lymph  together  with  the  blood  may  take  place  from 
wounds,  but  the  outflow  is  stopi>ed  by  very  slight  counterpressure.  If, 
after  the  wounding  of  a  lymphatic,  tli^  opening  persists^  so  that  there  is 
a  permanent  outflow  of  lymph,  escaping  externally  (as  in  ulcers)  or  into 
one  of  the  body-cavities,  there  is  formed  a  lymph-fistula,  through  which 
considerable  quantities  of  lymph  may  be  lost.  Most  important  and  also 
most  dangerous  is  the  rupture  of  the  thoracic  dud,  which  occurs  sometimes 
as  the  result  of  traumatism,  and  occasionally  as  a  result  of  an  obstrac- 
tion  to  the  lymph-flow  at  some  point  in  the  lumen  of  the  duct  (after  in- 
flammation or  in  the  course  of  the  growth  of  tumors).  The  lymph  is 
I>oured  out  into  the  thoracic  or  abdominal  cavity,  giving  rise  to  a  dn/km 
hydrothorax  or  a  chylous  oaciteH^  or  in  very  rare  cases  to  a  chylopericar^um. 

In  reiy  rare  cases  St  happens  that  the  urine,  as  it  comes  from  the  bladder,  has  the 
appearauce  of  a  milk-white,  or  a  yellowish,  or,  through  the  admixture  of  blood,  a  red- 
dish emulsion;  and  contains  besides  albumin  a  large  quantity  of  finely-divided  fat- 
droplets.  This  phenomenon  is  kno^rn  as  chylurfau  It  occurs  as  an  endemic  disesse 
in  certain  tropical  regions  (Brazil,  India,  the  Antilles,  Zanzibar,  £g3'pt)  where  it  is 
caused  by  a  parasite,  the  FiUtria  Banerofti,  which-  inhabits  the  lymph-vessels  of  the 
abdominal  cavity  and  there  produces  its  embryos  {FUaria  ianffuinU) ;  these,  duriDg  tbe 
repose  of  the  patient  in  a  horizontal  position,  swarm  in  great  numbers  in  the  blood. 
and  are  also  found  in  the  chylous  urine,  fhe  connection  between  the  chyluria  and  tbe 
invasion  of  the  lymph-vessels  has  not  yetb^n  satisfactorily  demonstrated  by  anatomi- 
cal investigations ;  but  it  is  probable  that  the  chyle-like  fluid  does  not  come  from  tbe 
blood  and  through  the  kidneys;  but,  as  a  result  of  the  obstruction  in  the  lymph-circu- 
lation, chyle  escapes  from  ruptured  lymphatics  of  the  bladder  and  mingles  with  tbe 
urine  {Seheube,  Orimm).  In  corroboration  of  this  view  is  the  fact  that,  at  autopsy,  tbe 
abdominal  lymphatics  exhibit  marked  dilatation  (HaveSnirg),  while  the  kidneys  are  but 
little  cliangcd ;  and  further,  according  to  an  observation  made  by  Batelburg,  the  urine 
obtained  from  the  ureter  show^ed  no  admixture  of  chyle,  though  chyluria  was  present 
at  the  same  time. 

The  anatomical  cause  of  the  non-parasitic  chyluria  is  still  nn- 
known. 
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See  also  §  42. 


CHAPTER  V. 

Retros^rade   Disturbances  of  Nutrition  and  Infiltra- 
tions of  the  Tissues. 

I.  General  Considerations  Concerninsr  the  Retrosrrade  Disturbances 

of  Nutrition  and  tlie  Tissue-Infiltrations. 

§  46.  The  retrograde  disturbances  ol  nutrition  are  characterized  in 
general  by  degeneration  of  the  affected  tissue,  often  also  by  dimimUion  in 
size  and  disappearance  of  the  individual  tissue-elements^  th^  functional  capac- 
ity of  the  tissue  being,  at  the  same  time,  lowered. 

The  tissue-infiltrations  are  characterized  essentially  by  the  deposit  in 
the  tissue  of  pathological  substances  which  have  either  been  formed  within 
the  body  or  introduced  into  it  from  without.  The  functional  capacity  of 
the  part  affected  is  likewise  usually  diminished.  The  inJUiration  is  often 
only  a  result  of  preceding  degenerative  changes,  or  may  itself  constitute  the 
chief  feature  of  the  degeneration, 

Eetrograde  disturbances  of  nutrition  may  affect  the  body  in  its  fully 
developed  state,  or  during  its  i)eriodof  development  and  growth;  and  ia 
either  case  may  lead  to  an  abnormal  smallness  of  the  affected  organ  or 
tissue.  In  the  former  case  the  diminution  in  size  is  due  to  a  disappear- 
ance of  the  individual  elements  of  the  affected  tissue,  and  is  designated 
atrophy.  In  the  latter  case,  on  the  other  hand,  it  is  due  to  a  defective 
development  of  the  affected  organ,  as  shown  by  a  more  or  less  rudimen- 
tary condition  of  its  elements.  If  in  this  way  an  organ  or  a  part  of  an 
organ  wholly  fails  of  development,  so  that  it  is  totally  absent  or  at  least 
is  represented  only  by  its  rudimentary  anlage,  the  condition  is  desigb^d 
agenesia  or  aplasia.  But  if  the  development  of  the  affected  part  is  of  a 
certain  degree,  yet  not  reaching  the  normal,  the  condition  is  known  as 
hypoplasia. 

The  causes  of  agenesia  and  hypoplasia  are  partly  intrinsic,  and 
partly  extrinsic — that  is,  the  stunting  and  imperfect  development  of  an 
organ  may  depend  as  well  upon  a  pathological  condition  of  its  anlage, 
as  upon  external  injurious  influences  which  may  affect  the  developing 
part.  The  disturbance  of  development  may  further  affect  either  the 
whole  body  or  only  a  part  of  the  same.  In  the  first  case  there  results  a 
dwarf;  in  the  second,  a  stunting  of  individual  parts  or  organs. 

The  causes  of  the  tissue-degenerations  and  the  associated  atrophy 
are  for  the  greater  part  to  be  found  in  extrinsic  harmful  influences  to 
which  the  tissues  are  exposed  during  life ;  but  atrophy  may  also  depeud 
upon  intrinsic  conditions.  This  latter  is  particularly  the  case  when  the 
tissues  in  old  age  reach  their  physiological  limit  and  gradually  become 
incapable  of  properly  nourishing  and  preserving  themselves.  In  many 
tissues  a  similar  retrograde  change,  due  to  intrinsic  causes,  occurs  earlier 
in  Ufe,  as,  for  example,  physiologically  in  the  ovary  and  thymus. 

As  extrinsic  harmful  influences  which  may  lead  to  degenerations 
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should  be  considered  all  those  agencies  mentioned  in  Chapter  I.  Dis- 
turbances of  circulation,  lack  of  oxygen  and  food  supply,  and  intoxica- 
tions play  a  very  important  r61e.  In  the  majority  of  cases  degeneraii<m 
are  localized,  so  that  we  may  speak  of  den^nerations  of  special  tissues 
or  of  special  organs.  }^ot  infrequently  the  disturbances  of  nutritioo 
are  more  general*  so  that  the  entire  organism  suffers.  Thus  the  picture 
of  a  general  disease  may  be  produced  by  a  degenerative  or  atrophic  con- 
dition of  the  blood — that  is,  a  diminution  in  the  number  of  red  blood- 
cells  (oligocjrth^emia),  at  times  also  a  deficiency  of  hsemoglobin  (chloro- 
sis), so  that  a  x>6rmanent  condition  of  insufficient  blood-supply  or  a 
general  ansmia  is  produced,  the  nutrition  of  the  body  being  corre- 
spondingly impaired. 

As  the  result  of  a  diminished  ingestion  of  food,  or  of  disturbed  me- 
tabolism, and  of  an  increased  waste  of  the  proteids  and  fats  of  the  body, 
there  may  result  a  condition  of  general  emaciation  and  weakness,  often 
associated  with  ansemia,  a  wasting  of  the  entire  body,  which  is  designated 
cachexia  or  marasmus.  If  under  such  circumstances  it  appears  likely 
that  certain  substances  are  formed  in  the  body,  which,  when  taken  up 
into  the  blood  and  tissue  juices,  cause  a  contamination  or  alteration  of 
these,  the  condition  may  be  spoken  of  as  a  dyscrasia. 
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II.  Death  of  the  Organism. 

§  47.  All  life  comes  sooner  or  later  to  an  end — to  death.  When  this 
occurs  at  an  advanced  age,  without  preceding  well-defined  symptoms  of 
disease,  it  may  be  regarded  as  a  normal  termination  of  life.  This  occur- 
rence may  be  attributed,  at  least  in  part,  to  the  fact  that  the  functions  of 
certain  organs  necessary  to  the  maintenance  of  life,  become  discontinned 
as  the  resrdt  of  intrinsic  causes ;  although  in  most  cases  it  is  impossible 
to  exclude  the  action  of  extrinsic  influences  In  helping  to  bring  about 
the  cessation  of  function  of  the  organs  in  question. 

When  death  occurs  prematurely — that  is,  at  an  age  earlier  than  the 
average  age  of  death  in  man— and  when  preceded  by  symptoms  of  dis- 
ease, it  must  be  regarded  as  a  pathological  phenomenon.  Its  occurreuoe 
under  these  circumstances  is  for  the  most  part  referable  to  demonstrable 
extrinsic  influences,  but  at  times  may  be  dependent  also  upon  intrinsic 
inherited  causes.  It  is  obviously  impossible  to  draw  any  ^arp  line  of 
separation  between  physiological  and  pathological  death. 

The  causes  of  premature— -that  is,  pathological— death  are  to  be  found 
in  those  influences,  which  have  been  discussed  in  Chapters  L  and  IL  as 
the  causes  of  disease. 
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An  individaal  is  to  be  regarded  as  dead  when  all  of  his  functions 
havd  forever  ceased.  Death  is  inevitable  at  that  instant  in  which  one  or 
more  of  the  functions  imperatively  necessary  to  life  has  ceased,  though 
it  is  not  necessary  that  at  that  moment  all  the  functions  should  have 
ceased.  Indeed,  it  often  happens,  that  after  life  is  irretrievably  lost, 
many  organs  are  still  capable  of  performing  their  function,  and  it  is 
only  after  a  certain  time  that  all  the  organs  die.  The  life  of  the  organism 
passes  gradually,  by  progressive  cessation  of  the  functions  of  its  different  or- 
gans, into  the  state  of  death. 

Cessation  of  the  functions  of  the  heart,  lungs,  and  nervous  system 
results  in  an  immediate  death  of  the  entire  organism.  Cessation  of  the 
functions  of  the  intestines,  liver,  or  kidneys  leads  inevitably  to  death 
after  a  certain  length  of  time,  often  measured  by  days.  Destruction  of 
the  sexual  glands  does  not  endanger  the  life  or  health  of  the  affected  indi- 
vidual, and  likewise  man  may  also  spare  one  or  more  of  his  organs  of 
special  sense. 

The  occurrence  of  death  is  usually  determined  by  the  last  recogniz- 
able efforts  at  respiration  and  by  the  stoppage  of  the  heart.  With  the 
cessation  of  respiration  it  is  impossible  for  any  organ  to  remain  alive 
after  a  certain  short  x>eriod.  The  stoppage  of  the  heart  likewise  makes 
impossible  any  further  nourishment  of  the  tissues,  in  consequence  of 
which  the  central  nervous  system  very  quickly  becomes  unable  to  con- 
tinue its  functions. 

After  death  the  body  may  present  a  variety  of  appearances.  The  aspect  of  the 
external  visible  portions  is  lai^gely  dependent  upon  the  distribution  of  the  blood  at  the 
time  of  death.  An  abundant  supply  of  blood  in  the  skin  gives  it  a  blue-red  color, 
anaemia  gives  it  a  pale  color.  Further,  the  preceding  disease  may  alter  the  external 
appearance  of  the  body  in  different  ways. 

Within  a  certain  time  after  death  various  changes  occur  in  the  tissues  of  the  body, 
which  in  part  may  be  regarded  as  the  absolute  signs  of  death*  In  the  first  place  the 
temperature  of  the  bodyfalU,  sometimes  rapidly,  at  other  times  slowly,  until  it  reaches 
the  temperature  of  the  surrounding  air.  It  must  be  borne  in  mind,  however,  that  the 
temperature  at  times  does  not  besm  to  sink  immediately  after  death,  but  first  rises 
somewhat.  The  rate  of  cooling  of  the  body  depends  partly  upon  the  character  of  the 
body  itself,  and  partly  upon  the  nature  of  its  surroundings.  The  time  required  may 
vary  from  one  to  twenty-four  hours. 

The  oMness  of  the  dead  body  is  termed  algar  mortis. 

At  the  time  of  death  the  skin  for  the  greater  part  becomes  pale;  but  after  six  to 
twelve  hours,  sometimes  earlier,  bluish-red  spots  appear  on  the  skm  over  the  dependent 
parts  of  the  body.  These  are  known  as  the  deaOispots  or  livores  mortis  (vost-mortem 
hypostasis),  and  are  due  to  the  local  accumulation  of  blood  in  the  veins  ana  capillaries 
of  the  more  dependent  portions.  They  are  not  found  in  those  parts  of  the  body  sub- 
jected to  the  pressure  of  the  weight  of  the  body.  Their  number  and  size  depend  upon 
the  amount  of  blood  in  the  skin  at  the  time  of  death.  Parts  which  have  been  cyanotic 
during  life  may  retain  this  appearance  after  death,  especially  the  head,  fingers,  andloes. 
The  color  of  post-mortem  hypostasis  is  usually  blue-red;  the  intensity  of  the  color 
varies;  in  cases  of  poisoning  with  carbon  monoxide  it  is  a  bright  red. 

The  weight  of  the  body  causes  flattening  of  those  muscumr  parts  upon  which  it 
rests. 

Sooner  or  later  there  occurs  a  stiffening  and  contraction  of  the  muscles,  due  to  the 
coagulation  of  the  contractile  substance  (Bruecke,  Kuhne).  This  is  known  as  the 
cadaveric  stiffening  or  rigor  mortis.  It  usually  comes  on  about  four  to  twelve  hours 
after  death,  but  may  occur  almost  immediately  or  as  late  as  twelve  to  twenty-four 
hours.  It  begins  usually  in  the  muscles  of  the  jaw,  throat,  and  neck,  and  extends 
from  them  to  the  trunk  and  extren^ities.  After  IwentyTour  to  forty-eight  hours  it* 
usually  vanishes,  but  under  certain  conditions  may  persist  for  several  days. 

Rigor  mortis  affects  algp  the  smooth  muscle  fibres;  and  the  Contraction  of  these 
in  the  skin  gives  rise  to  the  so-called  goose-flesh  of  the  cadaver. 

The  decomposition  of  the  cadaver  begins  with  the  disappearance  of  the  rigor  mortis. 
Its  occurrence  is  shown  partly  by  the  odor  of  putrefaction,'  partly  by  changes  of  color 
in  the  skin  and  mucous  membranes,  and  through  changes  in  the  consistence  of  the 
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i\mM0!M,  The  eomm#meerDent  and  proipew  of  putreCaction  ciepend  partfy  upon  the 
er/Ti/iitKm  fA  th/^  ^Kxlx-nutntioo  ftnd  the  nature  of  the  dtaeaae  preeediQ|^  death,  puthr 
Uf9fm  the  or/mi itu/iM  of  the  surround ings,  eyecially  the  temperature.  Not  infrequait^ 
pfitfefaeti#/n  may  occur  in  local  dead  areas  of  the  body,  eren  before  death  of  the  bodr  u 
a  whtfUt,  When  putrefactive  bacteria  are  preaent  in  the  body,  deeompoatiaD  of  the 
cn/Javer  rnny  ^>e|pn  immerJiately  after  death. 

An  an  early  Mf^i  of  decom ponton  there  is  usually  present  a  greenish  diseoloation 
of  tliif  fikin,  apfjearini;  ftnvt  over  the  abdomen.  With  the  progress  of  putrefaction  the 
unpU«uwint  ridor  and  discoloration  increase;  and  gases  are  formed  in  the  intesliDe, 
liit#<r  in  th<)  hltMrd  and  in  the  tissues,  which  at  the  same  time  become  soft  and  friable. 

Hhortly  aftcrr  death  the  cornea  become*  iuMreUM  and  cUmdyf  the  eyebaU  (oars  iis 
r/rominenr^f  and  fJark  mjxAm  appear  in  the  sclera,  which,  gradually  increacdng  in  sixe, 
Uiuumin  cr>fifluent.  These  changes  are  due  to  evaporation  and  decomposition.  If  the 
evHids  are  not  cloned,  the  uncoifered  portions  of  the  eyebaU  show  the  resiUis  of  drying, 
Whcrievf^r  the  skin  lias  lost  its  epidermis  the  exposed  tissues  undergo  desiccation. 

If  all  of  the  phenomena  of  life  be  reduced  to  a  minimum,  there  may  result  a  condi- 
tion (if  apfNireat  dMith  which  may  be  mistaken  for  real  death.  Though  post-mortem 
hvpostasiii,  rigor  mortis,  and  putrefaction  are  unmistakable  evidences  of  death,  theae 
ofiangfts  may  not  take  place  until  some  time  after  death,  so  that  an  interval  is  Mt  dtir- 
irig  wliioh  it  rimy  under  certain  conditions  be  doubtful  as  to  whether  death  has  actually 
occurred.  To  ascertain  the  true  condition  under  such  circiunstances  it  must  be  de- 
torininivl  by  appropriate  examination  whether  the  heart  still  beats,  whether  respiration 
still  takes  place,  whether  the  blood  still  circulates,  and  whether  the  nerves  and  muscles 
rptttln  their  irritability. 

(•onditioris  which  are  designated  as  apparent  death  occur  imder  a  variety  of  cir- 
cutnNtaiieoN,  an,  for  example,  in  individuals  suffering  from  cholera,  in  cases  of  cata- 
lopNy,  hyNteria,  after  excessive  bodily  exertion,  violent  concussion  of  the  central  ner- 
VdUN  syNtein,  after  severe  haemorrhage,  suspension  of  respiration  through  hanging, 
Htrangulation.  or  drowning,  in  certain  cases  of  poisoning,  after  li^htning-s^roke,  aft^r 
)rolonge<l  exposure  to  cold,  etc.  The  duration  of  this  condition  is  usually  only  short, 
)Ut  limy  oco}tsi<mttlly  be  extended  over  several  hours  or  even  days. 

Aooording  to  the  investigations  of  Fuchs  (*' Ueber  Todtenstarre,"  Zeitschr.  f.  HeU- 
kuntlf,  UHN)),  the  heart  is  the  first  muscle  to  show  rigor  mortis,  this  or^on  being 
utTected  at  a  time  (in  aninmls,  after  three  to  five  hours)  in  which  rigor  mortis  cannot  be 
domoUMtnUed  in  any  of  the  skeletal  muscles. 
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IIL  Necrosis. 

{(48,  The  condition  of  local  death,  or  death  of  individnal  cells  or 
gixm|»H  of  colK  i8  known  as  necrosis.  As  the  result  of  necrosis  the 
funotion^  of  Whs  affected  tissue  are  foi^ever  lost. 

The  ntHMx»»ls  of  a  cell-giwip  or  of  an  entire  organ  is  only  nnder  cer- 
tain tHMuUtions  immediately  associated  with  recognizable  changes  of 
Mtruotuns  Tht^  slight  histologitnU  changes  which  the  cells  undergo  dnr- 
ii^  \Ui>W  i\v>i\i\x  do  not  always  })ermit  us  to  determine  with  oertaLoty  the 
exact  moment  of  iHvsstUiou  of  life:  nor  does  the  macroscopic  appearance 
i4'  the  visible  )H>rtions  of  the  body  always  inform  ns  when  a  pordon 
thei'^Hif  iHHHum^  iUHnx>tie» 

NtnnHV'iiH  istheivfoiv  eviiWnt  upon  anatomical  inTestigation  only  when 
ceHaiu  eluiu^^s  iu  strucriuvTuive  iH2C|irred,  either  coincidently  with  the 
death  ov  sul^s^Hjuently  theivti**  Ntvroe^s  is  shown  immediately  hy  histo- 
U^ivHd  ehai^>s  only  iu  the  cas^  of  ttie  action  of  a  limited  nomber  of  in* 
JuiioUs'i  a)£euou>s;  iu  all  \>ther  case's  the  necrosis  is  followed  by  snch 
eh^ui>;>\H  atler  a  Uni^i^'r  or  shorter  interval.  According  to  the  natnre  of 
the  v'iut^^^mnit  ti^ueotiau^ce^  it  is  jH^^bJe  to  distinguiSi  different  vane- 

IUs(oU^u'all>  the  necrosis  el  •  cell  is  shown  in  the  first  place  hy  the 
ilidt*Vv</'xiliMM  aMil  U«M4^fM^n»ikV  vf  Lh^r  mtwltrms^  whereby  the  chromatin  of 
the  \vU  that  |)<arl  Uikiii^  nucWr  ^tailu> — forms  small  clomps  and  gran- 
uKvt  \khu*h  at  tiiues  |kvsn  vhU  Uvm  the  uuvle«fes^  into  the  eell-protoplasin^ 
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where  they  become  dieaolved  aDd  disappear  (Jcaryorrheais).  At  other 
times  the  imcleas  before  its  disappearauce  shows  ^n^  ^.  ahriaking,  and 
in  this  condition  takes  the  nuclear  stain  more  deeply  than  under  normal 
conditions  (pyknoaia).  In  other  cases  the  nucleus  relaina  iU  form  b\A  loses 
Ua  staining  power  vnth  nuclear  stains,  and  then  dissolves  and  disappears 
(Fig.  35,  c,  d),  so  that  in  well-fixed  and  stained  preparations  no  trace 
whatever  of  the  nnclens  can  be  found  (karyolysis).  Thus,  for  example, 
in  an  aniemic  infarct  of  the  spleen  or  kidney  caused  by  arterial  embolism 
the  nnelei  of  the  spleen  and  kidney  cells  are  lost  very  soon  after  the 
death  of  the  tissue  (Fig.  36,  c,  d,  f,  g).  At  the  same  time  the  affected 
area  becomes  strikingly  pale,  cloudy,  yellowish-white,  or  cream-colored; 
so  that  the  occurrence  of  the  necrosis  may  be  recognized  by  the  naked 
eye. 

The  protoplagm  of  the  dying  cells  sooner  or  later  also  nndei^goes 
changes,  which,  according  to  the  mode  of  death,  may  in  some  cases  b^u 
before  the  cells  die,  or  in  others  may  take  place  only  after  the  cells  are 
dead.     The  kind  of  change  is  dependent  upon  three  factors:  the  nature 
of  the  cells  themselves,  the  character  of  the  destructive  influence,  and 
the  amount  and  character  of  the  fluids  surrounding  and  infiltrating  the 
cells.     Amceboid  cells  usually  assume  a  globvlarform  after  death.     Ueli- 
cate  and  only  slightly  modified  cell-bodies,  rich  In  protoplasm,  often 
become,  before  or  after  death,  markedly  granular,  less  frequently  homo- 
geneous and  lumpy  (Fig,  35,  c, 
and  Fig.  36,  e).       Through  the 
taking-up  of  fluid  the  protoplasm 
or  even  the  nncleus  may  become 
mcollen  and  show  dr<^8  of  Jluid 
(vacuoles) ;  and  this  may  lead  to 
breaks  in  the  continuity  of  the 
protoplasm  (plamioschisis').    Not 
infrequently  as  a  result  of  plas- 
moscbisis  purfiorM  of  the.  cell  may 
be  extruded  or  cnt  off  by  constric- 
tion.    The  ultimate  end  of  all 
these  changes  is  the  disintegra- 
tion  of  tJie   protoplasm  and  the 
audits  into  granular  viasses,  this 
process  being  often  accompanied 
by  a  formation  of  fat.  ^g  a5.-NeCTo«n  ot  me  epimeuum  oi  me  urmair 

Cells  which  normally  undergo     tabuiea  m  iciema  Rravi*.    iMOJier-s  num,  Kewtoo 
,      ,   .  .  j_^  _  .        violet.)    a.  NoniuU  coDvoluted  tubule;   b.  umaitlaK 

a  marked   transiormation,    as    is       portion  or  Ue  Joop :  CMmvoluteH  tubulevntb  necrotic 
tlio  fnac  with    poUh  Bhnwino'  por-       epliaellum;   d,  oonvoluleil  tubule  wHb  only  b  part  ol 
ine  case  wiin  ceiis  ttnuwuig  tur        ^  ep[[ae|[uni  necrotic;  e.  nonnH  stroma  With  blood- 
nification,   usually  present   less     itnen.   xxa. 
striking  changes ;  yet  even  these 

may  swdl  and  finally  become  dissolved.  The  morphological  changes 
in  dead  cells  are  the  least  pronounced  when  the  dying  cells  become 
more  condensed  and  dry  (itispiasatioH).  In  this  case  the-eells  only  become 
smaller,  yet  it  is  often  seen  that  after  the  loss  of  the  nucleus  the  cells 
become  changed  into  lumpy  masses. 

The  injurious  Influeuces  which  may  give  rise  to  necrosis  may  be 
divided  into  fivfi.groupH.  The  first  two  include  those  which  destroy  the 
tissue  directly— mechanical  and  chemical  forces.  A  third  group  of 
Injurious  Influences  tomprlMS  those  of  a  thermal  character.  The 
elevation  of  the  temperature  of  a  tissue  to  54°-68°  G.  for  any  length  of 
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timn  laoA*  fA  it4  flKtfh,  H;iri>*i'  nnBp«nnnKt  arr  moiv  qau-kly.  Be- 
frijr^ratirtn  to  I'lW  l^inpw«nrp»  hlnMrw^  ran  bw  b»m»  box  a  ^ton  rimt 
A  r<^nnh  arr'>n{>  iM  rann^  hv  iafcctlBa  v:rh  animai  or  Tt^eetable  pon- 

ffMiKaMtf  <Mr0nit*  tli*tfMaa,miil  isknoviL  vaaBanc  timgiiof 


a:E£v 


Ml    rnnnirwMlitinrMiaiunnlnlahrnttif  tliekUn«T.   (MDIkr**  loH,  bwrnUomin.  md  rab.) 

•t\  Khliiiif  llHiwi  III,  iii>niM>I  kMnrr-tubuMa  wltji  *trap»  InSttimMd  wltb  lencoenei:  li,iioni»l 
lie  Urnum  WIUhm 
lllloMillf,  ■> 

Iiwiiuurrliiitnu  ii 


I  III.  i>i>niM>I  kklnrr-tubuMa  wlUi  *trap»  InSttimMd  wltb  lencoejUi;  . 

Ii»)  ■;,iin>ni|lclliauawlilH>iitnurM.ihowtiwBnuiul> — ■-  ■ ■■-' —  -"  — — -■ 

i.«  nrllli  !■*  |iii«M.1 1  «,  i> m  wmmut  dupM  &  a  Mr 


All  Mhw  flM'Uin*  which  miouan  affwi  tke  circt^ation  viOtin  angpari 
Rlilt  hmi  Ut  »  Moputtfit  of  the  W«jd-«»ppiy— sooh  as  thrombosis,  embolism, 
tihwiuii  iif  vt  \w«m'l  UN  it  Mvtiilt  of  continued  abnormal  contraction,  disease 
tifMit'  uuwtil  wulk  or  littttllim.  pntwurv  on  the  tissue,  inflammation,  hffm- 
l>lili>tK*>,  v\\\,  inu,v  l»inl  to  iMHir^xus  of  lissue.  Not  only  a  permanent 
wv«nUi>m>l'  Uwoii-oulwtloH.  but  also  a  leuipuraiy  stoppage  of  the  same 
IhiI  liiu  \vy\Av\  u  wi'lulii  tln)(\  Iratte  to  the  death  of  the  affected  tissue. 
W Im-I \wv  **  twit  hwMiuurhap'  owure  ia  sach  cases  is  immaterial,  as  vas 
•itrtUnl  ht  g  U,  ttiiU  iiiHiwww  *uily  thf  appearance  of  the  affected  part 
«tlw.w>*V(W  ii\fa>vtHm  has.  thfwi'ow".  precisely  the  same  significance  as 

\\  Iwu  vU-wlli  IVlU-ws  ^uK'klj'  mK«i  the  action  of  an  injnriooa  agent, 
U  u  WK.^»-n  *a  «-■»  4l*««.-t  McrtMl:*.  Whwi  ii  oeeots  slovlv  and  is  pre- 
\<i^k'it  l\\  UillV«>ut  U-ww  lUyvaerativittii  it  is  designated  »»"" 


^wti-tiiKvU.  viM.'tuiv^l,  iheriuiU.  and  iulectioqe  soones  of  iigary,  as 
*Ol  wt  .tiKvniuv  uiA,\  sK-t  (.■^■im.'itiwotl^.  of  aeparaieiy,  o>ne  after  ihe 
Whvi.  VV  ho>*  iW  Uvu*-  IK  <Juiuut£v^  by  any  »o»  of  the  fiist-named 
(iU'"i'  <.a  iiymntw  iiiUutftK-w.  the  Wood  icswlf  «ery  often  suffers  a 
vh.^l.^^s  *hn,U  IvvkU.  iv  -atiBjn  i»ud  v^fttt(uiaCi(Ht  in  the  «^illarite»  as  veil 
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as  in  the  veins  and  arteries,  and  in  this  way  the  circulation  may  be 
arrested. 

Whether  or  not  a  given  injury  will  cause  necrosis  of  the  tissue  de- 
pends, not  only  upon  its  nature  and  severity,  but  also  chiefly  upon  the 
condition  of  the  tissue  at  the  time  of  the  injury.  A  tissue  whose  vital- 
ity has  already  been  lowered  as  the  result  of  long-continued  disturbances 
of  circulation,  general  marasmus,  hydraemia,  changes  in  the  composition 
of  the  blood,  etc.,  dies  more  easily  than  when  in  a  normal  condition.  In 
severe  cases  of  typhoid  fever  relatively  slight  pressure  on  the  troclianters, 
elbows,  sacrum  or  heels,  etc.,  may  suffice  to  bring  about  a  gangrenous 
necrosis  of  the  skin  and  subcutaneous  tissues.  Such  forms  of  necrosis 
are  known  as  marasmic  necrosis  or  marasmic  gangrene,  and  as  decu- 
bitus or  decubital  necrosis. 

The  course  of  necrosis — that  is,  the  tissue-changes  resulting  from  the 
death  of  cells — is  dependent  upon  the  character  of  the  affected  tissue,  its 
location,  the  manner  of  its  death,  and  the  cause  of  the  necrosis.  Further, 
the  amount  of  lymph  and  blood  in  the  tissue,  and  the  opportunity  afforded 
for  the  access  of  air  and  putrefactive  organisms,  also  exert  a  very  im- 
portant influence.  Tissue-changes  which  preceded  the  necrosis,  such  as 
fatty  degeneration,  inflammation,  haemorrhage,  etc.,  are  also  of  signifi- 
cance in  determining  the  character  of  the  necrosis. 

As  the  result  of  the  necrosis  of  a  certain  tissue-area,  there  always 
develops  an  inflammation  of  greater  or  less  intensity  in  the  surrounding  tissues 
(Fig.  36,  /).  This  reactive  inflammation  is  most  marked  when  the 
necrotic  area  becomes  gangrenous.  Through  the  formation  of  an  inflam- 
matory zone  the  necrotic  area  becomes  marked  off  from  the  surrounding 
tissue,  and  is  isolated  or  sequestrated ;  this  process  is  spoken  of  as  a  se- 
qiisstraiing  or  limiting  inflamm4xtionf  and  the  dead  area  thus  shut  off  is 
called  a  sequestrum.  A  more  detailed  description  of  these  inflammatory 
processes  will  be  found  in  Chapter  VII. 

Five  chief  sequels  of  necrosis  may  be  distinguished :  1.  The  dead  tis- 
sue may  be  removed  by  absorption^  or  may  be  cast  off  from  the  surface,  and 
its  place  taken  by  normal  tissue  (regeneration).  2.  The  dead  tissue  is  simi- 
larly removed,  but  instead  of  the  normal  tissue  being  restored,  the  defect 
is  filled  wholly  or  in  part  by  the  formation  of  connective  tissue,  the  so- 
called  cicatricial  tissue.  3.  The  necrotic  tissue  is  cast  off  or  liquefied, 
the  defect  is  not  filled  in.  and  there  remains  an  ulcer.  Should  this  heal 
without  regeneration  of  the  lost  tissue  there  remains  a  defect,  4.  The 
necrotic  tissue  is  partly  absorbed,  but  a  portion  remains  as  a  sequestrated 
necrotic  mass  which  not  infrequently  later  becomes  caMfiedskud  surrounded 
by  a  connective-tissue  capsule.  '5.  The  fifth  sequela  of  necrosis  is  cyst  for- 
motion.  The  necrotic  area  becomes  encapsulated  by  connective  tissue, 
the  dead  tissue  becomes  absorbed  and  is  replaced  wholly  or  in  part, 
usually  at  the  periphery,  by  new  tissue,  or  it  may  be  liquefied,  and  the 
space  filled  with  fluid,  forming  a  cyst.  This  sequela  of  necrosis  occurs 
most  frequently  in  the  brain. 

By  many  writers  there  is  recognized  besides  these  forms  of  necrosis  an  especial 
group  designated  as  neuropathic  necrosis,  that  is,  a  necrosis  resulting  from  a  lesion 
of  the  central  or  peripheral  nervous  system.  By  some  the  esssential  cause  of  such 
necrosis  is  referred  to  a  lesion  of  the  trophic  nerves,  while  others  refer  it  to  disturbances 
of  circulation,  continued  pressure,  and  mechanical  injunr  of  aneesthetic  and  paralyzed 
portions  of  the  body.     According  to  observations  thus  far  made  upon  men,  as  well  as 
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■(  •,!•  i,i„n  t-',  ..r*it  ■',  i«,i[  -,*Bi*  ''.-j  •hi'  'hijtr  ji«-off  of  the  eimilacna  Tuin  wr.h 
(Irfi  'liff'f'i.f,  iij»,*«  ' ,ti\f.ii,a-*r\n  knimry  epi-,hieliuni,  ftad  liT«'-«rfls  die  in  two 
\,i-,f,  *).,W  <t,rf  .jw  *T''''''f'"'f>  "Vl  «nnn*«tive  tioaae  may  Ere  for  Iwrfie  horns  or 
\i-i,lfrf  t.tiylrfri.it  'lUitrf  *rriitin  CTMiHir.iniu  may  remMn  »In«  for  s  nomber  of  dav^, 
Hi.'I  mill  /*ini»,  ,1*  {^.n-r  '^  (-r'A^tmr-uai  fwe  TraDspIanutioa). 

Karfrir'ti*')''.  kMryrilyna,  oou)  limitf.  Eijitrtaptaa  occur  aloo  in  patrrfaetion. 
'tlmmiiH  |,r><vr'/fu|  iifi^kf  av(>fii!  prvcaiitiona.  »nd  protected  frvn  btteiia  in  moist 
BlmmtifM  »(,  Hi*  ^^lllty  t*Tn(*f*Mij»,  alan  Inupa  iu  nadn.  Lrrer-lianie  sbD«3  this 
t-U'tuMti  uiimt  tHfuUf  dfi'l  Wrfri[.lM>ly,  the  timiHM  of  the  iplcai  and  kktner  more  sioirlt 
iiii't  liMa  n>t(i|il'-trl|',  vi  IliftC  all  niiHri  may  nnl  have  ijuappeared  BfteTei|;bt  lofourtcen 
itiif*  'III*  illMi|>j*T»r»fin(!  tit  lb*  niid*ii«  ocriira  only  m  the  presence  of  a  retatnelv 
nl.ii«if)Nlil*>i|i)ilr  <if  flrilil,  and  inay  lie  prevented  by  daiccatioD  of  the  tissue. 

I  40,  Ai'(!<(r<l)i)|{  to  t\ut  varioDH  <:nndition8  in  which  the  tissnes  ma; 
IhiiiiiiikI  iifUT  llicy  ItitviMllMl,  lour  chief  forms  of  necrosis  may  be  distin- 

KHlxlicdi  MmffuMiiinwi-nmiJi,  tuueation,  liquefactUm-necroM,  xaA  ganffrne. 
CfMKUllltlon-nwrofl*  (We4f{<*rt,  Cohnbeim)  is  characterized  by  the 
iHifMii'M'Mtii  iif  i'(Ntt(uIiUU)ii,  rillitT  extraceliviar,  in  the  fluids  about  the 
cells;  or  intrat^ular,   in   the  latt«r 
case  leadiag  to  peculiar  changes  with- 
in the  cells. 

As  coaffuliaion-necrosit  teiih  ertro- 

CfUular  coagulation  may  in  tiie  first 

place  be  re^rded  both   the  iDln- 

vaaonlar  (Fipfs.  14-17)  and  the  es- 

travascular  ewtgulaiion    of  the  blood. 

inasinuoh  as  this  phenomenon  may 

be   regarded    as    the  death  of  the 

blutnl;  and  in  fact  a  destrnctioii  of 

wlU  does  occur.     Farther,  there  may 

b«  eonsider«d  as  belonging  to  thi^ 

elas»  the  rarious  forms  of  co«gnlatioD 

»ii->    ^  MO    '  which  occur  in  inflammations,  partly 

on  the  surface  and  partly  in  the  in- 

U'iK>v  vif  ttH>  tk-'>KU^v«  i^Sk^v'V'tMiitt'r  VU.^:  and  which  are  dumcterized  by 

KUs.\  ti'iUbtUo'h.  tit  M,>ttk*>  iwivf,  vU'  striu^v  fibrin  (.Fig.  37),  in  other  cases 

t>,\  Ut\«  i^-j ui'thv^u  vvt'  K'tutuUu:  i.vr  h>:«litH>BUbiiv6of  coa^vb. 

^t«>ll•.•'Ul'lt''  kvtv^/ufHM*  MH.-urs«hvu  dmMl  cells  or  cell -products  an 
iitmi'>>ti\<4,(  Mkttt  )«  Ut'ititv-K^'ii  i,vuluiiitti^  tviuph.  The  cells  lose  their  on- 
vUi.  >'i\'«i'nfc  vnh*-»-  t«  !iitwtiU)tr  t'lfc-  *'*•  '■■  •'•  *"d  Fi^-  ;s»».  •-.  j,  r  or  a 
h,v<tt<iiv>  tu<tii'.\  l4)>|^^l«l »lK^^  llte,^  tvuiaiu  in  thii»  ctiodttioii  for  a  certain 
iimv  vij  ibvu  bi^vik,  Uv'ww  iut»*  si--auiult^au<l  bvcw«e  di^twiTed. 

tbi.'i  \Avuvtuv>i*fu  tKMivot  t'>\^(U«^tKtN  w^(itfr««^t  iaaiueBue.  toxir.  and 
ihi.'i  ut.4J  )<twtUv>-iKvr\-M.'«  :«^  ivf  w.vtiu(»iw,  iu  .utaemM  infarcts  of  the  kidney 
t<<i;.  .\b^  wij  v/i  Mit/ st'lcvK,  ^lisu  :ii  uitidv  iiiiJuminaitioiBS  wlwh  ar^a^so- 
4  -m.l  »'U  ui.t:<s-st  'iia:HHi;vnt  v^i  ;hv  unsw*  }nic-  3^"-  *»  t.^exai^non 
>K>!U  I '>o  iiit>v>vt  ^v(v-«,'>^>  t'l  '<)tt  ins;i>j«>is  L;t'  -<ir*ptnt  mwte.  which  isi-f 
^v;>    i'v\j;K'iH'  iKxi'i'viiw    'ii   ;> ''ilijtd.  ivvwr.    the  ttOBCrat'tiie  jnb^tsctr 

Vw  'uv.v-it  *  sjJio  >■;   wiitrtuiv'  'tii:u>.-i>s-  i»'t>.  r«»i«  Yt?tlijwT»4-wh;f*.  i* 

>  .^      s\^».(..;v-it     fct.     Si-V    VM.    »..«    ■.    ,t   iU.l    U>ltv.    rfjumhiing  !pA-fe^ 
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Inflamed  tissues  nndergoiag  coagulution   uecrosis  are  likewiBe  cloudy, 
opaqae,  and  grayish-white ;  but  the  color  may  undergo  marked  chauges 
through  the  admixture  of  blood  or  the 
iuibibitioa  of  bile,  aa  in  the  iuteBtlue,  for 
example. 

The  structure  of  a  tissue  vhich  is  the 
seat  of  a  coagulation-necrosis,  may  still 
be  clearly  recognized  if  only  the  more  del- 
icate parts  have  been  destroyed.  When 
all  parts  have  been  changed,  the  entire 
tissue  may  be  converted  into  a  structure- 
less, hyaline,  or  granular  mass,  containing 
no  nuclei  or  but  few.  This  change  takes 
place  very  often  in  the  necrosis  of  in- 
flamed tissnes  which  are  infiltrated  with 
exudate.  Through  the  proper  treatment 
of  preparations  there  may  be  frequently 
demonstrated  in  these  necrotic  areas  an 
intercellular  stringy  fibrin;  this  is  seen 
occasionally  in  ansemio  infarcts,  but  more 
often  in  inflammatory  tissue  ■  necroses 
(Fig.  37). 

Caseation  is  a  form  of  necrosis  closely 

related    to   coagulation-necrosis,    and   is     

characterized  by  either  a  hard  or  a  soft 

eheesy  appearance  of  the  necrotic  area.  In  the  first  case  the  dead  tissue 
is  like  firm,  yellowish-white,  hard  cheese,  or  similar  to  raw  potato;  in 
the  second  case  it  is  wtiite,  soft,  sometimes  dry,  sometimes  moist,  and 
not  infrequently  resembling  thick  cream. 

Typical  caseation  occurs  most  frequently  in  tvtierctes  and  represents 

the  characteristic  end  of  the  retrogressive  changes  in  this  condition.     It 

also  occurs  in  syphilitic  granulomata  and  in  very  cellular  tumois;  in- 

flaounatory  exudates  may  also  become 

changed  into  cheesy  masses. 

The  process  of  caseation  of  cellular 
tissues,  which  is  a  characteristic  of  tu- 
berculous granulations,  takes  place  grad- 
ually, and  is  therefore  to  be  regarded  as 
a  form  of  necrobiosis.  The  cells  are 
changed  successively  into  non-nucleated, 
homc^neons,  lumpy  masses,  which  later 
disintegrate  and  break  tip  into  a  gran- 
ular mass  (Fig,  39,  a„  a).  At  the  same 
time  with  these  changes  there  often  ap- 
pears between  the  cells  a  hyaline  sub- 
stance, sometimes  forming  a  framework 
around  the  cells  or  at  other  times  more 
lumpy  or  granular,  and  fibrin-like — the 
so-called  "fibrinoid  subsUince."  TypUxd 
fbriUated  Jibrin  (Fig.  40,  a)  staining  deep 
blue  with  Weigert's  fibrin  stain  is  often  also  present.  It  may  therefore 
he  assumed  that  both  substances  represent  co^tdation-products  of  a 
fluid  which  has  escaped  from  the  blood-vessels. 

Through  progressive  cleavage  and  disintegration  of  the  dead  cells, 
the  fibrinoid  substance,  and  the  fibrin,  the  dead  tissue  is  ultimately 


In  ibe  eellDtar  tti ., 

itoue;  /,   lacUll  endosed   wimin  oella. 
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changed  into  a  finely  granular  mass,  in  vhich  no  traces  of  the  origiDal 
stmcture  can  be  perceived. 

The  cheesy  metamorphosis  of  the  fibrino-cellolar  exudate,  which  is 
foaud  especially  in  the  aheoli  of  the  longs  in  the  neighborhood  of  taber- 
cles,  is  bronght  aboat  similarly  by  the  disappearauce  of  the  nnclei,  aud 
the  disintegration  of  the  cells  and  fibrin  into  a  non-nncleated  granular 
mass. 

The  grannies  of  the  soft  cheesy  masses  in  taberciUous  and  non-tober- 
calons  foci  are  chiefly  albumin  granules,  more  rarely  fat-droplets.  The 
altimate  fate  of  such  masses  may  be  partly  liquefaetum  and  ptdtaeeou 
aqfteninff,  partly  id*8orption,  and  partly  degica^on  and  ctU^fieatio*. 

Colliquation  or  liquefaction-necrosis  is  characterized  especially  by 
the  fact  that  the  necrotic  parts  become  dwaolved  in  the  Jluid»  preaent  in  tkf 


tiMuea,  The  dissolution  may  t>e  accomplished  by  swelling  aud  liquefac- 
tion, as  well  as  by  a  breaking  up  of  the  tissue-elemeuta,  or  through  a 
combination  of  these  processes.  Thus,  for  example,  in  bums  of  the  sec- 
ond degree  the  cells  of  the  epidermis,  which  have  been  liilled  by  tbe 
heat,  with  the  exception  of  the  horny  layer,  become  dissolved  iu  the  fluid 
exuding  from  the  papill[B(Fig.  41,  d,  f).  In  the  caseof  ansemiciufarcis 
of  the  brain  the  necrotic  brain -substance  nndei^oes  softening  with  the 
formation  of  drops  and  grannies,  and  becomes  converted  into  a  mUlty. 
pultaceous  mass  in  which  the  prodncts  of  the  destruction  of  the  brain- 
tissue  disintegrate  into  smaller  and  smaller  particles,  whicli,  either  frte 
or  enclosed  within  cells,  become  absorbed  or  completely  dissolved.  In 
HOpparative  processes  of  the  tissues,  which  occnr  very  frequently  in 
ptimlent  inflammations,  the  necrotic  tissue  is  dissolved  iu  the  flnid  vas- 
cu}ar  exudate  containing  pus  corpuscles. 

Kecrosed  areas  in  the  mucosa  of  the  stomach  become  dissolved  throngb 
the  digefltive  action  of  the  gastric  Juices. 

Coofivlation  and  ligue/adion  may  not  infrequently  follow  or  precede 
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each  other.  For  exiunple,  the  produetj*  of  coagulation  iu  aa  iiifliiiued 
area  may  again  become  dissolved.  In  gaugreiious  blebs  produced  by  the 
dissDlation  of  epithelial  cells,  there  may  occur  a  coagulation,  the  prod- 
ucts of  which  are  later  again  dissolved.  Necrotic  foci  arising  in  the 
coarse  of  inflammations  or  in  granalomata  very  often  at  a  later  stage 
become  liquefied. 

In  the  case  of  both  the  coat/ulation  and  the  Uqvefatiion  iiLtlssnes  the 
process  depends  essentially  upon  the  action  of  fernients,  which  are  com- 
bined iu  part  with  living _protopla8ra  and  in  part  are  contained  in  the 
dead  tissue.  The  liquefaction  of  tissne  by  tissue-ferments  is  designated 
autolysis.  The  action  of  the  autolytic  ferments  takes  place  also  in  por- 
tions of  tissne  that  have  been  kept  aseptic  outside  of  Ihe  body,  or  pre- 
served in  antiseptic  fluids  (chloroform  water)  that  inhibit  the  growth  of 
bacteria.  There  occurs  a  liquefa<tion  of  the  tissue  with  the  formation  of 
various  products  of  decomposition. 

~      '  ■       ■"    i  above  aa  occmrl 

ing  tlaaue-deBtru(  ;  -i -   -^ .  -    

re&tivtily  rapid  necrosis.     Mauy  of  the  tissue -degeneretioj 
described  in  the  followiug  paragraphs  also  lead,  uot  infrequeatly,  to  ultimate  deuth 
of  the  tissue,  and  coDsequeotly  ttiey  must  be  regarded  aa  belongiDs;  to  tbe  processes 
claned  as  tiwu«-n<«roM(M>*.    Granular  degeneration,  fatty  degeneratk>n,  mucous  degen- 


na.  U.— BHMer  of  taS*  paw.  earned  br  botwatlTui-wax.  (AInAot.  carmine.)  a.  Bornj  larerof  the 
cfMamti:  b,  nUe  lUlplshll  -.  c.  Dormal  Hpl[la;  d,  Bwollen  ttpttbelUl  celix  whn««  niiolPl  are  In  part  visible, 
and  tn  part  bars  dlnppmred :  t.  epllbMlal  WIU  lilne  between  tbe  pspllln.  tbe  uppiM'  odm  iwollen  and 
tlOMMed.  the  lower  oneii  presBTVsd ;  /,  lotal  llquetartlon  of  the  epithelium:  o,  swollen  will  of  the  lnl«i^ 
CapUlUT  oril-mmft.  wblrh  have  loat  their  nuclei:  fi.  a  similar  rcll-mua  wblrh  has  been  completelv 
de«rDT«d  and  raMed  from  tbe  haiement-membrane,  bj  the  coaKUlated  ■ubepllhellal  eiudale  h ;  t,  llatlened 
papUlarr  bud)  imutnted  with  cells,    y.  UO. 

eralion.  and  hydropic  degeneration  often  end  in  the  destruction  of  cells;  and  tbe  same 
result  may  tie  reactieii  in  the  case  of  hyaline  and  amyloid  defteneretion  of  the  wmncctive- 
tlssue.  in  that  not  only  tlie  ground-substanco  o^  the  tissue  is  permanently  altered,  but 
the  cells  of  tbe  atTect>^d  tissue  also  die. 

According  to  tbe  investigations  of  Pfhmant  and  A&ir«M,  icidney  epithelium  soon 
becomes  fnviHible  In  water,  salt  solutioon.  and  diluted  alkalies,  in  that  the  cells  become 
swollpn  or  dissolve.  Epithelial  cells  which  have  become  granular  throngh  anmrnic 
necrosis  retain  their  granular  structure  In  the  solutions  named.  This  may  be  taken 
as  a  proof  that  coagulatioa  has  occurred  with  the  formatioD  of  firm  bodies,  not  soluble 
in  ddiiti>  acids,  alkalies,  and  neiUrnl  salts,  out  of  elements  occurring  originally  In  the 
Cflls  in  a  fluid  state. 

The  number  of  enzymea  contained  fn  the  tissue-cells  is  very  great.  Hofmeitia- 
Mcribes  to  tbe  liver-cells  at  least  ten.     in    these  cells  llieit'  surely  occur  a  proteolytic 
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eDzyme  (tryptane)  whicli  disintegmtes  the  albumiD-moleciile,  a  fenDeDt-splitting  b\i- 
cleo-proteoid  and  Duclciiiic  a<-it),  acd  a  diaatatic  ferment  cbaagiag  glj-cogen  icto  su^. 
Proteolytic  enzymes  occur  probably  in  Ibe  most  varied  tissues,  perhaps  in  all  (.Sal' 
koictki.  1.  c).  At  the  prcseut  time  we  do  not  know  whether  they  are  BClive  uDder 
phyBiological  condilioos,  or  whether  they  are  present  id  tbe  cells  only  as  inactive  pro- 
lerruenta  or  zymogen,  which  Brst  became  active  during  or  after  the  death  nf  tbe 
cells  under  tbe  influence  of  a  "kinase."  In  order  to  decide  these  questions  it  would  be 
necessary  {Satkowahi)  to  show  accurately  tbe  characteriatim  of  tbe  products  of  autol- 
yslB  of  different  organs  and  to  seek  out  tbe  speciflc  autolytic  products  also  in  Uic  cor- 
responding organs  of  freshly  killed  animals.  A  splitting  of  nuclein -substances  by 
ferments  during  life  is  shown  positively  by  tlie  fact  {Salkoaski)  that  purin  bases,  lie 
specific  products  of  nuclear  dhdntegration,  can  be  demonstrated  in  all  fresh  organs. 

§  50.  Under  the  name  of  Eangrene  may  be  classed  those  forms  of 
necrosis  in  which  the  tissue,  partly  through  expoaare  to  the  air,  partly 
tiiirough  the  ORency  of  bacteria,  suffers  changes  which  are  similar  in  ap- 
pearance to  those  oocnrriDgin  bnmed  tissnes.  If  necrotic  tissue  throngh 
exposure  to  the  air  loses  its  water  by  evaporation  and  becomes  dry,  tbe 
condition  is  designated  dry  gangrene  (ganffriena  ticca)  or  mummifica- 
tion. When  the  dead  part  remains  moist,  the  terms  moist  ganKrene 
{gangrctna  humUla)  or  sphacelus  may  be  applied.  If  through  the  ageDC.T 
of  bacteria  there  occurs  A/oul-smeUing  putrefaction,  the  condition  is  known 
as  a  putrid  gangrene  {gangrcena /(utida).  Development  of  gas-bubbles 
as  a  result  of  the  putrefitctive  changes  leads  to  emphysematous  fan* 
grene  (gajiffr(Ena  emphysematoga). 

Moist  gangrene  and  putrid  gangrene  are  in  general  identical,  since 
bacteria  can  develop  only  in  moist  tissues.  Nevertheless  a  dry  gangreoe 
is  not  infrequently  a  putrid  gangrene,  since  bacteria  may  develop  in  the 
tissne  before  drying  lakes  place.  Dry  gangrene  may  also  develop  Irom 
a  moist  gangrene,  or  tbrotigh  the  ateorption  of  water  become  changed 
into  the  ^tter. 

When  the  dead  tisaue,  in  either  mummification  or  moist  gangrene. 
contains  a  lai^  amount  of  blood,  it  appears  black,  dark  brown,  or 
greenish -black  in  color,  and  is  then  called  black  gangrene.  If,  on  tbe 
other  hand,  the  dead  tissues  are  aniemic,  the  condition  is  sometimes 
spoken  of  as  white  gangrenei  although  there  is  more  or  less  discolor- 
ation of  the  dead  part,  so  that  the  expression  is  often  inappropriate. 

In  the  case  of  gangrene  of  superficial  parts  of  the  body,  there  ma,v  be 
distingnixhed,  accord^  to  tlie  temperature  of  the  dead  j^rt,  a  (xHd  snd 


Pm.  42. — Dry  ganKrene  oF  Ihe  toei,  due  to  cBlrtflcallon,  narrowing,  and  obllleralion  ol  ib«t 

a  warm  or  hot  gangrene,  the  latter  designation  being  n.sed  when  tbe  p"i- 
grenoos  area  is  kept  warm  by  the  blood  flowing  through  the  ueighboriug 


Gangrene  may  be  caused  by  external  injuries,  heat,  cold,  corrosives, 
crushing,  pressure,  infection,  etc.,  as  veW  as  by  disturbances  of  the  cir- 
culation. 
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Qanirrene  due  to  disturbance  or  arrest  of  the  circulation  occurs  not 
infrequently  iu  old  people  (sefiUe  gangrene),  involving  the  extremities, 
particularly  the  toes,  feet,  and  legs.  It  is  usually  of  the  dry  variety, 
and  is  dependent  partly  upon  general  disturbances  of  the  circulation  and 
partly  upon  disease  of  the  arteries  of  the  extremities  (calcification,  ossi- 
fication, thickening  of  the  intima,  thrombosis,  embolism)  (Fig.  42). 
The  dying  parts  appear  bluish-black  as  a  result  of  the  venous  stasis. 

Gangrene  from  cold  affects  chiefly  the  tips  of  the  extremities,  nose, 
and  ears,  and  is  characterized  by  changes  similar  to  those  described  above. 

Gangrene  from  heat  is  confined  to  the  area  directly  affected  by  the  heat. 

Pressure-gangrene  or  decubitus  (bedsore)  occurs  in  marasmic  indi- 
viduals, most  frequently  upon  the  sacrum  and  the  heels,  both  of  which 
regions  are  exposed  to  pressure  when  the  individual  lies  upon  his  back. 
The  bedsore  begins  with  the  formation  of  bluish-red  spots,  within  whose 
area  the  tissue  dies,  and  through  the  agency  of  bacteria  undergoes  de- 
composition and  finally  disintegrates.  The  gangrenous  area  may  be  of 
large  extent,  especially  when  over  the  sacrum ;  the  bone  may  be  laid  bare 
over  a  large  area  through  the  destruction  of  the  overlying  soft  parts. 

Toxic  gangrene  occurs  chiefly  in  ergot  poisoning  as  a  result  of  the 
contraction  of  the  small  vessels  and  formation  of  thrombi.  The  tips  of 
the  extremities  are  usually  affected. 

Infectious  gangrene  occurs  particularly  in  different  infections  of  the 
skin  and  subcutaneous  tissue,  and  may  be  associated  with  gas-formation. 
In  the  form  known  as  /(mdi-oyant  gangrene  different  varieties  of  bacteria 
have  been  found ;  the  bacillus  of  malignant  oedema,  an  anaerobic  bacil- 
lus (Welch,  E.  Frankel,  Hitschmann  and  Lindenthal),  proteus  (Hauser), 
and  bacterium  coli.  Infections  associated  with  putrid  gangrene  may 
occur  in  the  Internal  organs,  but  affect  chiefly  the  lungs  and  intestines. 

A  so-called  neuropatliic  gangrene  occurs  when  a  tissue  affected  with 
either  sensory  or  motor  paralysis  is  wounded  or  subjected  to  continued 
pressure.  It  is  dependent  partly  upon  circulatory  disturbances  and 
partly  upon  infection.  Gangrene  resulting  from  the  withdrawal  of  the 
influence  of  trophic  nerves  has  not  yet  been  demonstrated.  Symmet- 
rical gangrene,  which  affects  corresponding  parts  of  the  extremities 
and  has  been  regarded  by  many  as  a  neuropathic  disease,  is  dependent 
upon  changes  in  the  blood-vessels ;  likewise,  the  perforating  ulcer  of  the 
foot  (otoZ  perforant  du  pied),  which  begins  as  a  callosity  following  me- 
chanical influences,  and  is  characterized  by  an  accompanying  gangrene 
which  rapidly  penetrates  into  the  deeper  tissues,  is  dependent  upon  the 
closure  of  an  artery  of  the  foot. 

In  moist  gangrene  the  tissues  break  down  with  a  varying  degree  of 
rapidity,  the  fasciae  resisting  for  the  longest  time.  As  crystalline  prod- 
ucts of  the  chemical  changes  there  may  be  found  needles  of  fat  and 
tyrosin,  spherules  of  leucin,  coffin-lid  crystals  of  triple  phosphate,  and 
crystals  of  hsematoidin.  If  the  gangrene  comes  to  a  standstill,  the  gan- 
grenous tissue  becomes  sequestrated  through  the  formation  of  a  zone 
of  demarcation — that  is,  becomes  separated  from  the  living  tissue,  atid 
under  favorable  conditions  may  be  thrown  off  from  the  body.  In  the 
case  of  necrotic  portions  of  bone  a  very  long  time  is  required  for  seques- 
tration. Extension  of  gangrene  (through  infection  or  continued  circu- 
latory disturbance)  leads  sooner  or  later  to  death,  especially  if  toxic  sub- 
stances or  bacteria  are  taken  up  into  the  blood  or  lymph. 
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IV.  Hypoplasia,  Agenesia,  and  Atrophy. 
§  51.  Hypoplasia,  or  the  defective  development  of  anlage,  may  affect 
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either  (he  body  as  a  whole  or  only  single  organs  or  parts  of  organs,  and 
may  occur  either  during  the  period  of  intra-uteriue  development  or  later 
duripg  the  period  of  post-embryonal  development. 

when  either  the  entire  skeleton  or  at  least  the  greater  part  of  it  is 
underdeveloped,  and  especially  if  the  bones  do  not  attain  their  normal 
length,  the  affected  individual  is  abnormally  low  in  stature,  and  is  called 
a  dwarf  (Figs.  43  and  44),  The  individual  parts  may  be  fairly  well  pro- 
portioned (Fig.    43),  or  they  may  be  unaymmetrically  developed  (Fig. 


Tie,  A— Bkelelon  of  k  tenuis  cretin,  tblrtT^ne  jran  of  (gfl.  113  cm.  Id  belzbt.  wlUi  tltnocepb&Ilo 
AnlL    TbecartltBg'  Bitureaor  Ida  dlapbjsa  of  Uie  loiur  bonea  uid  pelrlo  boneaitUl  staow;  u  doee  bIw  tlie 

I . jj,g  indjiidmj  p,n,  of  ibe  rteleton  are,  OD  (he  whole.  In  Uie  proper  proporUoo,  U»a  upper 

one  belDS  relitlvelT  iburt. 


-U).  For  example,  the  trunk  may  be  of  normal  size,  while  the  extrem- 
ities are  abnormully  short  (Fig.  44) ;  or  both  the  tmnk  and  the  extrem- 
ities may  be  abnormally  small,  while  the  head  is  of  normal  size,  and 
consequently  appears  relatively  too  large  for  the  small  body.  When  the 
lack  of  development  affects  individual  parta  of  the  skeleton  exclusively, 
or  if  it  is  more  marked  in  certain  parts  than  elsewhere,  there  results  a 
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stniitin^  of  individual  portions  of  the  body.  For  example,  defectire  de- 
velopment of  the  craiiinni  gives  rise  to  microcephalus  (Fig.  45)  and 
mureneephalus  (Fig.  46) ;  through  defective  development  of  the  biimenis 
or  of  the  bones  of  the  hand  there  n- 
sultsa  shortening  of  the  upperam 
or  of  the  hand ;  and  through  hyptv- 
pliiHia  of  the  lateral  masses  of  the 
sacniin  the  transverse  diamelerof 
the  pelvis  becomes  diminished. 

Of  the  Individual  organs  the 
central  nervous  system  (figs-W 


ii^r" 


and  47),  aad  the  genlto- urinary  tract  in  particular  suffer  very  frequeull j 
a  stunting  of  development,  although  the  intestines,  heart,  lungs,  liver, 


lumils^eie:  b,  left  beiolipl 


hypoplasia:  agenesia. 


etc,  do  not  escape  similar  disturbances  of  growth.  For  csample,  the 
entire  brain  (Fig.  46),  or  only  one  of  the  hemispheres,  or  a  part  of  the 
latter  (Fig.  47,  c,  d)  may  fall  of  complete  development.     The  intestine 


nc.  Ift— Hn»pla^>  of  the  W 


may  in  part  be  represented  by  a  thin  canal  incapable  of  functionating 
(Fig.  49,  d),  or  even  by  a  solid  cord  (Pig.  49,  e).     The  uterus  not  infre- 
qnently  remains  in  an  undeveloped  state  (infantile)  (Fig.  48),  and  occa< 
sionally  at  the  time  of  puberty  the  ovary  (Fig.  50,  c),  or  the  entire  inter- 
nal generative  apparatus,  and  at  times  also  the  external  oi^ns  may 
remain  in  the  nadeveloped  state  of  the  young  child.     A  more  or  less 
marked  hypoplasia  of  the  kid- 
ney is  not  rare.       In  the  de- 
velopment of  the  respiratory 
tract  the  alveoli  of  a  portion  of 
the  lung  may  wholly  fail  to  de- 
velop. 

The  above-mentioned  ex- 
amples of  hypoplasia,  to  which 
many  others  might  be  added, 
arise  partly  through  intrinsio  "^ 
causes  inherent  in  the  germ, 
and  are  therefore  inheritable, 
and  partly  through  the  action 
of   extriusit^   injurious    influ- 
euc«8  upon  normal  aniage  dur- 
ing the  course  of  development.         n^?iJ^-^i^^^,^y^^lJ^'^lf.J^:. 
For  esaraple,  the  growth  of  the        ES^uyTrnM^rt^T^^^vcSS'Siiii 
lK>nes  may  be  influenced  and        iim.) 
retarded  by  imperfect  function 

of  the  thyroid  gland  or  disuse,  and  inflammation.  Total  failure  of  por- 
tions of  the  body  or  of  single  ot^c^ns  to  develop  is  known  as  agenesia. 
This  condition  is  dependent  either  upon  the  non-formatiou  of  the  aniage, 
or  upon  the  destruction  of  the  latter  after  they  have  begun  to  develop. 
(See  chapter  on  Malformations. ) 
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The  tiflsDe  (»mpoaing  hypoplastic  organs  or  ports  of  organs,  though 
of  less  balk  than  normal,  may  present  no  abnormalities  of  stmctare.  In 
other  cases  there  may  be  asBoclated  xrith  the  smallnees  of  size  a  distnrb- 
ance  of  internal  organization,  so  that  often  the  more  highly  specialized 
elements  of  the  organ  fail  of  development,  the  hypopt^uia  being  at  Vie  same 
iitHe  aaaocial^  tcith  an  agenesia  of  individual  parts.  Thns,  for  example,  in 
h3rpopIasia  of  the  ovary  (Fig.  60,  e)  the  development  of  the  ova  and  the 
ripening  of  the  follicles  may  fail  in  part;  in  hypoplasia  of  the  brain 
tliere  may  occnr  at  the  same  time  a  d^ective  development  of  lite  gan- 


% 


rio.  ML— Cmi  taMota  of  of  utaa  at  dlir«tenl  pertod*  at  lite.    (mmutoiTlln  u 

Honual  oratM:  a.  cirl  ot  Ore  tbmb:  h.  twentT-ltirea  jntn;  c  tnali-nliH  rean ,  .hiu  -^  — i—j 

Jean:  «,  hjpopMlo  otutoC  vtrt  ol  tumtT-aarm  jttn;  /,  a,  KDlleoTuls  fiom  vomeu  ol  tictitiuid 
•(■btr-lhree  J«ui  of  ice.     UiUml  ■!«.) 

glion-cells  and  nerv'e-fibres,  and  at  times  portions  of  the  brain  may  con-  . 
sist  only  of  membranons  masses  (Pig.  47,  d)  in  which  no  gangtion-cellii 
are  preaent.  In  hypoplasia  of  the  Inng  there  may  be  under  cer^u  con- 
ditions a  complete  failnre  of  development  of  the  alveoli,  so  that  the 
Inng-tissne  consists  merely  of  a  very  vascular  connective  tissne  throngh- 
ont  which  lie  the  bronchi,  the  latter  in  the  coarse  of  time  osoally  be- 
coming dilated. 
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g  52.  Atrophy  is  a  diminution  in  the  size  of  an  organ  due  either  to  a 
diminution  in  size  or  disappearance  of  its  individual  elements.  It  may 
occur  at  any  period  of  life,  and  is  a  very  common  refiolt  of  many  path- 
ological processes.  Within  certain  limits  it  may  be  regarded  aaaphsti- 
oloffieal  phenomenon,  in  that  in  old  age  there  constantly  occurs  a  certain 
degree  of  retrograde  change  in  all  the  organs,  associated  with  a  diminn- 
tion  in  their  size.  Certain  organs  nndei^  sach  an  atrophy  with  partial 
or  total  loss  of  their  functional  power,  even  before  old  age,  as,  for  exam- 
ple, the  thymus,  which  atrophies  completely  even  before  the  end  of  the 
period  of  growth ;  and  the  ovary  (Fig.  50,  /,  g),  a  part  of  whose  0^*3  are 
discharged  during  the  period  of  sexual  activity,  the  remaioder  being 
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destroyed.  In  old  a^e  ttie  lymphadenoid  tisanes,  the  mn&cles  and  boues, 
iu  particular,  suffer  atrophy,  though  the  tisane -changes  of  senility  vary 
greatly  in  different  individuals,  so  that  often  other  tissues,  the  glanduhu- 
organs  or  the  brain,  shov  the  most  marked  atrophy. 

The  atrophy  of  an  organ  is  characterized  chiefly  by  its  diminntion  iu 
size.     In  atrophic  conditions  of  the  muscles  (Fig.  51)  the  affected  por- 
tions of  the  body  become  smaller,  and  In  extreme  cases  the  extremities 
appear  as  if  consisting  only  of  skin  and  bones.     When  the  atrophy  of  an 
organ  is  nuiform  thronghout,  its  uormal  shape  may  be  preserved ;  but  if 
the  atrophy  progresses  more  rapidly  in  certain  parts  than  in  others,  the 
BQrface  of  the  organ  may  show  local  de- 
pressions (Fig.    53)  and  cicatricial  con- 
tractions (Fig.  56),  so  that  the  organ,  for 
example,  the  liver  or  kidney,  may  present 
a  knobbed  or  granular  appearance.    When 
tissues  which  are  nndergoing  atrophy  are 
prevented  from  contracting,  as  in  the  case 
of  the  bones  and  longs,  the  external  form 
is  preserved.     In  the  case  of  bone,  the 
medullary  spaces  and  the  Haversian  cauals 
become  enlai^;ed,  and  a  condition  results 
which  is  known  as  excenlric  (Uropky  or 
wieoporom  (Fig.  52).     In  the  lungs  the 
alveoli  become  confluent  iuto  large  air- 
spaces as  the  result  of  the  disappearance 
of  the  intervening  walls. 

In  atrophy  of  the  glands  and  muscles 
there  occurs  frequently  a  change  of  color, 
though  this  is  of  secondary  importance. 
Either  the  nomud  pigmentation  of  the 
affected  oi^an  is  brought  out  more  di»- 
twilff  by  its  atrophy,  or  associated  with 
the  atrophy  there  is  a  depoait  of  pigment 
{broum  or  pigment  atrophy),  or  finally  the 
change  of  color  may  be  dependent  upon 
the  changed  blood -content  of  the  atrophic 
tissue. 

The  diminulion  in  size  of  atri^hie  organs 
U  the  resuU  of  a  diminution  in  size  and  dis- 
appearance of  the  histological  elements  com- 
posing them.  In  the  majority  of  the  or- 
gans, particnlarly  in  the  glands,  muscles, 
and  bones,  the  specific  cells  which  perform 

the  especial  function  of  the  affected  or-  

gan,   are   affected   in   atrophy  to  a  far 

greater  degree  than  the  supporting  connective-tissue  framework.  Indeed, 
it  may  be  frequently  observed  that  the  connective-tissue  elements  may 
be  wholly  preserved,  or  even  increased  in  number,  while  the  more  high- 
ly specialized  elements  have  disappeared.  Thus,  for  example,  iu 
trophic  muscle  (Fig.  54)  the  contractile  substance  within  the  sarco- 
lemma  (a)  may  disappear  to  a  very  great  extent  (6)  without  the  occur- 
rence of  any  atrophy  whatever  of  the  connective  tissue  between  the 
muscle-bundles.  The  naclei  (c,)  of  the  coDoective  tissue  may  even  be 
increaeed  in  number. 
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In  atrophy  of  the  kidney  tLe  epithelial  oelln  of  the  urinary  tabnles 
(Fig.  55,  a)  iteconie  smaller  (/)  and  may  finally  wholly  vani^  so  that 
the  tubnlet*  collapse.  Likewine,  liie  epithelium  of  the  glomeruli  (d)  is 
lost,  while  the  capillaries  become  oUliterAted. 

The  Bame  thing  occurs  in  simple  atrophy  of  the  liver,  in  that  all  the 
liver  cells  of  n  lohule  may  disappear  without  any  perceptible  decrease  of 
the  supp;]rtin<f  reticulum.  Likewise  the  ganglion  cells  of  the  braiu  and 
spinal  cord  may  atrophy  without  the  neuroglia  being  diminished.  >'ot 
infrequently  the  latter  may  Itecome  increased. 

In  atro|»hy  of  the  bones  the  true  l><)ne-ti9sne  becomes  diminished.    la 
atrophy  of  the  bone-marrow  the   total  mass  of   free  marrow-cells   is 
diminished.     The  supporting  cells  may  in  consequence  take  up  an  in- 
creased amount  of  fat;  but,  on  the  other  hand,  the  fat  in  the  cells  of  the 
marrow  may  also  vanish,  so 
that  free  spaces  which  be- 
come  filled  with  fluid  are 
formed  between  the  support- 
ing cella 

In  atrophy  of  the  lympb- 
glands  and  of  the  spleeu  the 
free  cells  in  particular  dis- 
appear and  in  parts  are  com- 
pletely absent. 

The  changes   leading  to 
atrophy  may  take  place  witb- 
out   the  occurrence  of  any 
apparent  change  of  stracture 
in  the  individual  tissue-ele- 
ments (Fig.    54),  60  that  the 
condition  of    atrophy  is 
reached  essentiidly  through 
a  loss  of  Tolmne  of  the  in- 
dividual  part&     Both  the 
cell-body  and    the  nucleus 
may   become   smaller;  and 
the  latter  change  maybe  ob- 
served   particularly  in  the 
liver  in  cases  of  Btarvatiou- 
atrophy  (Lukjanow).    This 
form  of  atrophy  is  known 
as  simple  atrophy,  and  is 
to  be  distingaished  from  the 
degenerative  atrophies,  in 
which    the    tissM-derne^ 
during    the  progress   of  (A' 
atrophy  akow  change»  ix  thnr 
structure,     and      frequently 
contain  pathological  substances.     Thus  a   cell   may  become  granular, 
and  undergo  fragmentation,   or  may   swell  np  and  liquefy,  or  there 
may  be  formed  within  the  cell  drops  of  fat  or  mucus;   all  of  the^ 
changes    signifying    degenerative    conditions  of    the   cell -protoplasm. 
These  processes  are  classed  as  special  forma  of  degejiemtion  and  will  be 
discussed  in  the  paragraphs  of  the   foliowiug  section.     D^eneratire 
changes  can  occur  at  the  same  time  in  the  nuclei,  as  shown  by  fragmen- 
tation, distorted  shape,  clumping  of  the  chromatin,  diffusion  of  cbro- 
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matin  into  the  cell -protoplasm,  Bwelllng  and  liiiiief  action  of  the  nitelcua. 
All  these  proceeses  lead  nltimately  to  the  disappearaDce  of  the  nucleus 
and  the  destruction  of  the  cell. 

The  degenerations  leatUng  nltimately  to  a  condition  of  atrophy  of  the 
affected  organ  are  of  verv  frequent  occurrence,  particularly  in  glandular 


.h  porleu)  bones. 

organs.     The  process  la  often  complicated  by  the  occurrence  of  inflam- 
mation. 

According  to  their  genesis  the  forms  of  atrophy  may  be  classed  as 
active  or  passive.  In  the  former  the  cell  is  no  longer  able  to  make  use 
of  the  food  brought  to  it ;  in  the  latter  the  food  is  either  not  supplied  to 
the  cell  in  sufficient  quantity  or  in  the  proper  form,  or  harmfiil  sub- 
stances are  brought  to  the  cells  which  impair  their  function.     Active 


•nlOlmMrcli  brown.)    a.  Normal  muMle-nbres;  ft,  strophlp  muiele-dbrM;  c.  pertmjsluin  Iniemum,  th 


atrophy  is  particularly  a  part  of  senile  degeiteration  (see  above),  but  it 
orcQra  also  under  pathological  conditions,  especially  in  the  case  of  nerves, 
glands,  aud  muscles  (Fig.  51)  Those  functional  activity  is  not  called  into 
play- 

The  clinician  ordinarily  prefers  another  classification  of  atrophy; 


J88  THE    RETROGRADE   CHANGES. 

namely,   senile  atrophy,  atrophy  dae  to  impiured  nntrition,  preesnn 

atrophy,  atrophy  uf  disuBe,  and  ueiiropathie  atrophy. 

Senile  atropliy  (Fig.  53)  is  partly  active,  and  portly  paasiTe,  in  tiiat 

it  is  iiot  simply  the  result  of  the  dimimBhiDg  vital  energy  of  the  cell,  bat 
^so  depeni^  in  part  upon 
the  narrowiug  and  obliteration 
of  the  vessels  conveying  nonr- 
ishment  to  the  cells.  It  may 
occur  In  all  the  organs,  bnt  is 
often  more  marked  in  one 
organ  than  in  another.  Tbe 
bones,  kidneys,  liver,  brain, 
and  heart  may  ondeigo  a 
marked  loss  of  volnme. 

Atrophy  due  to  inipalrtd 
nutrition  may  result  in  the 
first  place  from  an  inaofficient 
supply  of  food  to  the  body  as 
a  whole,  or  from  extensive 
loss  of  the  fluids  of  the  body. 
In  these  cases  the  whole  body 

canoliie.)    o,  Nonnml  nHDEirtubulm;  b,  nomiBlgloiDeru.       '»    aneCMQ,     mOUgn    me   Ia^ 
lu»!  e,»*roi™wJUj  blood->eiMl«;  4«ln>pblojndoWller-       blood,     mnfiCleS,    aud   the  SO- 

atraptaioDdooii^MduiinuTiubuia.  X  aw.  domioal  OTgaus    Boffer  to  a 

greater  extent  than  the  re- 
maining tissues.  Local  atrophies  may  result  from  local  disturbanMS  of 
circulation,  and  are  the  frequent  seqnelffi  of  diseases  of  Vie  arteries  in  which 
the  vessel  lumen  is  narrowed  (Fig.  56).  Further,  they  are  of  frequent 
occurrence  as  a  result  or  a  part  of  inflammatory  processes;  but  it  should 
be  noted  that  in  these  cases  the  condition  is  not  of  the  natare  of  a  simple 
atrophy,  but  rather  of  various  deffeaerative  changes  leading  to  the  death  of 
tbe  cells  and  of  the  tissues. 

At  times  atrophy  results  from  the  presence  of  deleterious  snbetances 
in  tbe  blood.     For  example,  iodine  causes  a  diminntion  in  tbe  size  of  the 


ihr  ot  Uia  kidnej.    (Natural  iljte.) 

thyroid  gland.     In  chronic  lead-poisoning  the  extensor  mnscles  of  the 
forearm  in  particular  become  atrophic. 

Pressure-atrophy  occurs  when  a  tissue  is  subjected  for  a  length  of 
time  to  a  moderate  pressure  (Fig.  57).  It  depends  partly  upon  dirw:! 
injury  to  the  tissues  and  partly  upon  distarbance  of  the  circulation. 
The  most  typical  examples  are :  the  atrophy  of  the  liver  caosed  1^  the 
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presBore  of  the  edge  of  the  ribs  apOD  the  organ  due  to  tight-lacing  ("cor- 
Bet-lirer  "),  and  the  disappearance  of  bone  (Fig.  57  )  following  the  press- 
nre  of  an  aortic  anenrism,  tumors,  or  of 
an  accumulation  of  fluid  in  the  ventricles 
of  the  brain. 

Atrophy  of  disuse  occurs  In  the  mus- 
cles, glands,  bones,  skin,  and  other  tissues, 
and  is  dependent  upon  the  disuse  of  the 
oi^n  in  question.  In  the  case  of  muscles 
and  glands  the  atrophy  is  esseiitiallj 
active;  the  nutritive  processes  diminlBh- 
iug  as  the  result  of  the  lessened  func- 
tional activity.  In  the  other  tissues  the 
atrophy  is  es-seutially  dependent  upon 
the  lowering  of  nutrition  of  the  disused 
parts,  though  a  chaiif;e  in  the  power  of 
assimilation  of  the  cells  cannot  be  wholly 
excluded.  When  the  inactivity  occurs 
during  the  period  of  development,  and 
the  tissue  as  a  result  becomes  stunted,  the 
condition  is  to  be  regarded  as  a  hypo- 
plasia, though  no  sharp  line  can  be  drawn 
between  hypoplasia  and  atrophy,  since  in 
the  former  there  may  be  also  a  disappear- 
ance of  structures  which  had  undergone  a 
certain  degree  of  development. 

Neuropathic  atrophy  is  a  result  of 
diseased  conditions  of  the  nervous  system, 

and  is  apparent  most  often  in  au  atrophy  fto.  BT.-Pre™i**troi*T  of  me  >pin>i 
of  the  nerves  and  muscles,  though  other  S!,"""''  ^"'  "  preaure  bj  ■onio  uieur- 
tLs-snes  may  be  affected. 

For  example,  after  destruction 
of  the  anterior  horns  or  of  the  motor 
roots  of  the  spinal  cord,  there  fol- 
lows an  atrophy  of  the  correspond- 
ing nerves  aud  muscles.  After  in- 
jury of  the  peripheral  nerves  the 
skin  often  becomes  atrophic.  Ac- 
cording to  many  authors,  disease  of 
the  nerve-trunks  of  one  side  of  the 
face  is  followed  by  a  unilateral  mw- 
ropathic  facial  atropky  (Fig.  58),  but 
by  others  (Mobius)  the  neuropathic 
nature  of  this  condition  is  contested. 
Unilateral  affections  of  the  brain  in 
fcetal  life  or  during  childhood  may 
lead  to  atrophy  of  the  opposite  side 
,     „    _  ,  of  the  body  (conaenital  and  infantile 

».fl.sa~r«i.ibem^^|*y.   iAtu^iM^xmrn     hemiatrophy).  ^ 
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V.  Cloudy  Swellins  and  Hydropic  Degeneration. 

8  63.  The  term  cloudy  swelling  or  parenchymatous  degeneration  or 
granular  degeneration  is  applied  to  that  form  of  cell -degeneration  which  is 
characterized  histologically  by  a  swelling  and  enlargement  of  the  cells 

due  to  the  formation  within  the  cell-protoplasm  of 
free  granules,  which  according  to  their  microchemi- 
cal  properties  (solubility  in  acetic  acid,  insolubility 
in  alkalies  and  ether)  are  to  be  regarded  as  albomin- 
ous  bodies.     The  epithelial  cells  of  the  kidney  and 
liver  (Fig.  59),  and  the  cells  of  heart-muscle  frequent- 
no.  8».-cioudy  swell.     ^^  ®^^^  ^^^^^  degeneration,  thereby  acquiring  a  cloudy 
lug  onwerKjeus  (scrapinir     apx)earance,  as  if  covered  with  dust,  while  at  the  same 
tbt^  liver  of  a  man  dyinff     time  their  normal  structure  (filamentous,  granular, 
m  Srj'tn  aJSu     JJveolar)  and  form  are  lost     Thus,  for  example,  in 
X  33<).  cloudy  swelling  of  the  kidney-epithelium  the  rod-lite 

markings  of  the  protoplasm  are  lost  (Pig.  60,  fl\  as 
are  also  the  cell-processes  projecting  into  the  lumen  of  tiie  tubules. 
The  swollen  cells  (6,  c,  d)  are  larger,  more  plump,  and  contain  dark 
granules.  This  change  is  to  be  regarded  as  a  disorganization  of  the  prUo- 
plastn  following  an  absorption  of  fluid,  and  leads  to  partial  separation  of 
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the  solid  and  Hqnid  constitaente   of  the  protoplasm.     At  the  same  time 
the  nueleus  bithHs  and  undergoes  disorganization. 

Kecovery  is  possible  at  »  certain  dcRree,  and  (lie  cells  may  he  re- 
stored to  their  normal  condition.     lu  other  ca-ses  the  cell  body  is  de- 
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fitroyed,  breaking  up  into  granular  fragments.     Fatty  degeneration  very 
often  accompanies  cloudy  swelling. 

Cloudy  swelling  may  occur  in  the  cells  of  any  of  the  parenchymatons 
oi^ns,  as  the  liver,  kidneys,  or  heart,  during  the  course  of  the  majority 
of  the  infectious  disease-s,  particularly  iii  scarlet  fever,  typhoid,  small- 
pox, erysipelas,  diphtheria,  septiciemia,  etc.  The  affected  organs  pre- 
sent a  cloudy,  dull-shining,  of  ten  gray  appearance ;  in  marked  cases  the 
oii^n  may  appear  as  if  cooked,  the  blood-content  is  very  slight,  the  con- 
sistency doughy,  and  the  finer  details  of  structure  are  l<wt.. 

It  Is  not  improbable  that  autolytlc  proccases  (bcd  paragraph  49)  play  &  r&le  In 
pareDchf matous  degeneratioa  (LanJsteincT).  fhgler  legaxAi  it  as  aa  autolysis  acconi. 
paaied  by  an  iDcreasc  of  the  water-content.  The  (rranulcs  whioh  become  visible  and 
«linw  double  lefrection  lie  regards  aa  protugnn.  which,  durlDf^  &ulo]ysis,  is  cither  pre- 
served because  oF  its  slight  Bolubility  or  during  the  course  oC  the  process  is  precipi- 
tated Id  the  form  of  granules. 
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g  64  Hydropic  degeneration  is  that  form  of  d^eneration  freqnentlf 
observed  in  cells  of  difTerent  kiodB,  whereby  they  become  swollen  throng 
the  Imbibition  of  fluid. 
When  epithelial  cells  undergo 
this  chauge  the  cell-conteiite 
appear  clear,  the  granules  of 
the  protoplasm  are  prefsed 
farther  apart  by  the  fluid, 
often  being  crowded  into  a 
ring  at  the  periphery  of  the 
cell ;  the  cells  thus  coming  to 
resemble  plant-cells  to  a  cer- 
tain extent.  Vacuoles  (Fig. 
61,  b) — that  is,  globules  of 
clear  fluid  —  may  often  be 
no.  at-HTdropio  d«ceiie™tJon  oi  epiuniiti  cell*  tTom     formed  within  the  cells.    The 

k euclaomk  al  tbe  bmuL    (MQIler'a  fluid,  uilllDe  Mown.)        niir<1iiiia  //'\  a^art  snmlla  anil  tv- 
a.  Unrh.nK«l  epIUirlluin :   J,,  bjdroplo  cell.  ooDtalalng       nUClenS  (CJ  B180  SwellS  anuoe- 

biidder-iikedrouof  fluid  (pbTnikiei);  £,  bjdnipiii  nuclei;     comes  Changed  to  a  laree  blad- 
d.en...rgedn.eG,.u,,™dertnK«.u.   X  aoT  der-llke    vicoole    Containing 

clear  fluid.  In  mnscles  shov- 
ing hydropto  degeneration  clear  droplets  of  fluid  appear  between  the 
flbrillie,  pushing  the  latter  apart  (Figs.  62  and  63,  a,  b).  Through 
an  abundant  formation  of  such  drops  the  muscle  fibres  may  acquire 
in  places  an  appearance  of  foam-like  babbles  CFig-  62y  At  first. 
tlie  muscle  fibres  between  these  drops  remain  preserved,  but  finally  they 
undei^  fragmentation  and  lique- 
faction. 

Hydropic  d^eneration  of  cells 
may  lie  the  result  of  oedema  (Figs. 
62  and  (>.'));  it  occurs  also  iniiiflam* 
matory  foci  (Fig.  41,<l)andintnmor- 


t\B.  A— Htdrupic  dfKPnrnilloa  ot  muwlejlhrvs 
from  tbewilt  miBdelnvtinailcu^ltniiiulUieleir. 
(nHUmlng's  wlutluD,  wlnDlti.)    x  u. 


cells  (Fig.  611,  lu  the  case  of  inflammation  the  d^renerative  cliaraeter 
of  the  pi-ocess  is  more  marke»l  than  in  the  case  of  oedema;  and  a  complete 
liquefaction  of  the  cells  and  nuclei  may  result.  In  oedema  the  cells,  in 
spite  of  tbf  ir  hydropic  condition,  ntay  remain  alive  for  a  long  time. 
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VI.  Fat  Deposit  and  Patty  De^neratlon. 

§  53.  Fat,  ill  a  form  that  can  be  demonstrated  microscopically,  is 
widely  distributed  throughoat  the  humau  and  auiinal  organism.  It  ap- 
pears most  proDiinently  in  the  Bubcutaneous  and  biit)Herous  tissues  and 
the  bone-marrow ;  in  these  regions  cburacteristie  adipose  tissue  develops 
iit  a  certain  time  during  embryonal  development  or  during;  childliood. 
Less  prominent,  and  in  part  visible  only  on  micioscopic  examination,  in 
the  fat  present  in  various  glands,  also  in  {;anglion-oells,  cartilage- eel  Is, 
leucocytes,  surface  epithelium,  dnct  epithelium,  endothelium,  etc. 

The  fat  of  adipose  tissue  ocrnrs  in  the  connective-tissuecells  in  which 
it  is  deposited,  in  the  form  of  droplets  tliat  often  become  coufiueut,  su 
that  the  fully  developed  fat -cell  appears  as  a  fat-spherule  surrounded  by 


Fia.  e4.~Adinow  )ls.-iie  from  tiu:  piinnJrultiii  of  Ilip  limrl.  (ForinaMn,  hipmBloxylln,  and 
^iiilun    III.),    a.  Fat  llsaut;  b,  muKJc;  c,  muaclu  iiiflllniteil  nilh  IhI  tissue.     X  40. 

(I  cell-membrane  containing  a  nucleus.  In  prcpiirations  mounted  in 
Canada  balsam  the  fat-drop  is  represented  Iiy  a  clear  vacuole  (Pig.  6-">, 
'■}.  Sudan  III.  and  Scharlach-roth  stain  fat  a  yellowish-red  (Pig.  64), 
while  treatment  with  osmic  acid,  which  is  i-educed  by  the  fat,  canses  the 
fat-drops  to  become  blackened  (Fijr,  67,  c). 

The  fat  contained  in  the  special  adipose  tissnes  of  the  body  is  a 
stored-upfat  which  the  organism,  in  case  of  neces.sity,  may  use  for  its 
pr<'ser\'atioii,  and  it  may,  therefore,  be  designated  as  a  supply  of  fat 
designed  for  consumption  or  temporary  fat.  Its  abundance  may  Ik- 
regarded  as  au  indication  of  the  condition  of  nutrition ;  when  this  is  good 
the  adipose  tissues  are  well  developed,  in  cases  of  starvation  and  in 
chronic  marasmus  they  may  vanish  entirely.  There  occurs  au  atrophy 
of  tat-tissue,  in  which  the  fat-cells  contain  only  small  droplets  of  fat  or 
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no  fat  at  all,  in  the  latter  case  reverting  to  the  type  of  ordinary  connec- 
tive-tissae  cells.  The  atrophic  fat-lobules  often  take  on  a  pale  yellow 
color  through  the  formation  of  pigment  in  the  cells  {yellow  atrophy  of 
adipose-tissue).  Through  t?he  collection  of  fluid  between  the  atrophic  fat- 
cells  the  fat-tissue  (most  frequently  in  the  cardiac  panniculus)  becMimes 
translucent,  resembling  myxomatous  tissue  {serous  atrophy  of  aHqHUi^ 
tissue). 

Hypertrophy  of  adipose  tissue  leads  to  the  condition  kuowu  as 
obesity,  adipositas,  or  lipomatosis.  It  is  dependent  primarily  upon 
an  excessive  food-supply ;  but  there  are  frequent  individual  exceptions 
to  this  rule,  since  in  many  people  an  increased  formation  of  pannicnlus 
does  not  take  place,  no  matter  how  rich  the  food-supply.  Again,  an 
abundant  deposit  of  fat  occurs  in  some  individuals  when  the  food-supply 


M-^^ 


no.  6S.~Llpomatoil8  of  tbe  calf  miucles,  aasodated  with  atropby.  (MQIler^s  fluid,  canntoe.)  a>  Trar.^- 
yene  section  of  normal  fibre;  Oa,  of  atrophic  fibre;  Oa,  tFanaYerse  section  of  saroolemma  tube  contaloin? 
dtelnteffrated  contmctlle  substance ;  &,  oonneetive  tissue ;  c,  fEit4l88ae.    X  00. 

does  not  exceed  the  normal.  In  such  cases  the  cause  of  the  lipomatosis 
must  be  sought  in  an  inability  on  the  part  of  the  organism  to  destroy  tbv 
fat  brought  to  it  or  arising  normally  Mathin  it. 

In  genei^al  lipomatosis  the  deposit  of  fat  takes  place  first  in  the  uoniuil 
fat-depots,  and  then  later  in  places  that  normally  contain  no  fat^  for  ik 
ami)le,  in  the  connective  tissue  of  the  muscles,  in  the  myocardium,  ami 
even  beneath  the  endocardium.  A  local  lipomatosis  may  occur  in  varioi^ 
regions  of  the  body,  for  example,  in  an  arm,  the  front  of  the  neck,  iiaiK*. 
etc.,  and  leads  to  deformities  of  the  affected  regions  resembling  elephan- 
tiasis. When  occurring  in  circumscribed  masses  or  nodules  the  con- 
dition is  classed  with  the  fatty  tumors  known  as  Upomata  (see  Lipoma). 
A  local  lipomatosis  occurs  also  as  a  peculiar  disease  of  the  mnsclevS  in 
which  without  the  agency  of  extrinsic  causes  but  as  the  result  of  a  con 
genital  anlage  the  muscles,  particularly  those  of  the  calves  of  the  le^^. 
increase  greatly  in  size  (Fig.  65,  c)  through  the  development  of  mlip>5^* 
tissue  in  the  perimysium  internum.  At  the  Siime  time  they  bet^onif 
weaker,  since  many  of  the  muscle-fibres  (Fig.  65,  a,  a,,  a,)  may  disapi)ear 
(atrophia  musculonim  lipoitiatosa  pseudohyperirophica).     Finally,  in  other 
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i-u^es  iidipase  tissue  may  develop  secondarily  in  places  where  other  tissue 
lias  disappeared,  for  example,  withiu  muscles  (Fig.  66,  c)  that  have  l>e- 
come  atrophic  as  the  result  of  disease  of  the  anterior  horn  of  the  !<i»iHiil 


Fig.  60.— Spliul  mu«ul>r  Uropbr  wltb  tipomBloals,  In  tKendlnft  almphi  or  Uii'  anlerfor  norns  or  ilio 
qHiul  coT^.  (uauer'B  Duld.  Blunuck  brown.)  SecllUD  trom  Uie  cair  miwle.  a.  Tranavi-iw  wvllon  uF 
umpiilc  muKle-llbics ;  b,  jiertmjttom;  c,  fai-UMne:  d,  ■nerr;  e,  Tstn.    y.  SO. 

cord  or  in  the  case  of  lymph-glauds  that  in  old  age  Imve  lost,  for  the 
greater  part,  their  lymphocytes. 

The  fat  of  the  glandular  organs  occurs  ordinarily  in  small,  evon 
M'ry  minute  droplets,  but  in  the  case  of  a  great  abundance  of  the  fat 
larger  droplets  may  be  formed.  The  sebaceous  glands.  Meibomian 
j^lands,  lachrymal  glands,  and  adrenals  are  especially  rich  in  fat.     It  oc- 


«5ur8  to  a  lesser  extent  in  the  testicles  and  ovaries;  still  less  intliess»liva:y 
glands,  thyroid  and  sweat  glands  (Fig.  67,  a).  The  kidneys  have  the 
least  fat-content  of  any  of  the  glands.  During  the  period  of  functional 
activity  (testicles  and  ovaries)  and  in  advanced  age  the  fat-content  is, 
in  general,  somewhat  increased.     In  the  testicles  and  ovaries  the  fat  is 
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foond  both  in  tlie  epithelial  cells  and  id  tlie  connective  tissue.  Further, 
the  fat-coDteut  of  the  glands  is  very  constant  and  but  slightly  depeutlent 
u]ioQ  the  condition  of  the  general  nutrition,  so  thai  it  does  not  disappear 
during  starvation  (Traina).  This  glandular  fat  may  then  I>e  designated 
as  the  permanent  fat  or  Intrinsic  fat. 

The  liver  holds  au  especial  position  among  the  glands  in  so  far  as  fat 
is  concerned.  As  do  the  other  glandB  it  contains  constantly  a  certain 
number  of  line  fat-droplets  which  do  not  vanish  during  starvation.    In 


na.  fle.-FBttT  u»ct  fi  . 

■ ' '"""  " — '---■-    '  — '-'- —  -DecodUlDlDgraE;  e.periporlalii 

addition  tliere  also  occurs  a  temporary  storage  of  fat  which,  beginDiu|r 
in  the  periphery  of  the  lobule,  extends  towaA  the  centre  as  a  progessive 
filling  of  the  liver-cells  with  fat  droplets  (Fig.  68,  b) ;  and,  finally,  the 
liver-cells  may  become  completely  changed  into  fat-cells,  so  that  the  par- 
enchyma acquires  a  straw-color. 

Fatty  infiUraiion  of  the  liver  may  result  from  excessive  food-snpply, 
but  is  much  more  frequently  observed  in  marasmic  individuals,  particn- 
larly  in  consumptives  whose  panniculns  is  atrophic.  Inability  ou  the 
part  of  the  liver  to  destroy  or  to  give  off  again  the  fat  brought  to  it  from 
the  intestine  or  from  the  fat-depots  api>ears  to  be  the  cause  of  tbw 
phenomenon. 

Mugcle-Jibres,  surface  epUMium,  the  epWieiium  of  different glandduiit. 
cartUoffe-ceUs,  coiinective-tU»ue  celh,  vascrdar  endothelium,  leucocytes,  lymph)- 
cyteg,  etc.,  show  a  variable  content  of  fat;  but  all  coutaiii  fat  without  shoe- 
ing any  changes  that  can  be  regarded  as  degenerative  in  natni*.  In 
individual  cases  it  is  evident  that  the  fat-content  is  dependent  upon  an 
abundant  supply  of  fat  from  the  intestine  or  of  transportation  of  fat  from 
the  fat -depots,  especially  in  those  cases  in  which  the  leucocytes  or  tht 
va.scnlar  endothelium  (particularly  that  in  the  liver)  are  rich  in  fat.  In 
still  other  cases  there  are  definite  functional  conditions  (the  mnscles) 
during  which  a  rich  supply  of  fat  appears. 

The  spleen  and  the  lymph-glands,  with  the  exception  of  the  nieseu- 
t«ric  glands,  to  which  fat  may  l^  brought  from  the  intestine,  contain  but 


little  fat ;  ou  the  otlier  baud,  the  thymus  is  relatively  rich  in  fat,  piirticQ- 
larly  at  the  time  of  its  greatest  developineut. 

Alt  animal  fats  are  mixtures  of  olein.  palmitin  and  stearin,  tliat  is.  of  combioa- 
lions  of  oleic  acid  (C,.H,,0,),  stearic  acid  (C,,H,.0,)  and  palmitic  acid  (C,,Hi,0,) 
with  the  trivalent  alcoliol  glycerin  {CH.fOH],)  to  form  neutral  estere,  the  so-called 
triglyceridea.  Whether  taken  in  as  free  fatty  acids,  as  neutral  fats,  or  as  snaps,  the 
process  of  absorption  is  always  the  same;  they  appear  constantly  in  the  form  of  neutral 
fats  in  the  channels  through  which  absoiption  takes  place. 

In  close  relationship  to  the  bodj'lBts  stand  the  lecithins  (combinations  of  each 
single  molecule  of  glycerin-phosphoric  acid  with  two  molecules  of  fatty  acid  and  the 
complex  of  an  ammonium  base,  cholin),  the  proiagong,aDd  the cAoie»(erin«,  substances 
which  occur  in  small  amount  in  the  most  varied  tissues,  but  abundantly  in  (he  myelin 
of  the  brain  and  the  peripheral  nerves.  Cbolesterin  occurs  also  in  the  bile.  The 
hreaking-down  of  all  the  components  of  the  lecithins  cantaininK  neutral  fat  leads  first 
to  the  formation  of  fatty-phosphoric  acid,  which  is  then  split  into  fntty  and  glycerin- 
phosphoric  acids. 

The  fat  contained  in  the  human  organism  is  derived  primarily  from  the  food-fat 
taken  up  in  the  intestine.  In  the  early  weeks  of  life,  when  the  intestine  of  the  nursing 
infant  is  still  abnormally  permeable,  the  finest  fat-droplets  are  taken  up  as  such  and 

carried  through  the  lymph- 
stream  into  the  blood.  In 
later  life  the  taking  up  of 
unchanged  fat  through  the 
intestinal  epithelium  proba- 
bljf  takes  place  to  a  very 
slight  decree  or  not  at  all. 
that  is,  the  fat  is,  for  the 
^reat«r  part,  split  up  in  the 
mtestinal  canal. and  through 
the  combination  of  the  tatty 
acida  nith  the  alkali  present 
in  the  intestine  there  are 
formed  soaps  soluble  in 
water,  which  are  absorbed 
by  the  epithelium.  Even 
in  the  intestinal  epithelium 
these  soaps  are  changed  into 
spherules  of  neutral  fat  (just 
as  absorbed  peptone  is  again 
Fie  8e-Fat«T»nu1ereI!(ilnm«iimiilc-are.  or»ofwn1ni(lii  me  changed  into  albuminate). 
braid."  (3iBn-brinuld.)'o,Kai-Krannie<«lH;  Milood-veawlB.  x 28tiv  "^^^  glycerin  necessary  for 
this  change  is  absorbed  di- 
rectlv  from  the  intestine, 
where  it  is  present  in  a  free  state  arising  from  the  splitting  or  the  neutral  fata. 

In  the  entrance  of  the  fat  into  the  cells  of  the  fat-depots  the  fat-molecule  is  again 
split  up  and  then  reconstructed  within  the  cells. 


According  to  Arnold,  the  entrance  of  fat  into  the  cells  is  as.sociated  in  many  cases 
with  a  certain  activity  of  the  plasmosomes,  and  is  therefore  connected  with  the  cell- 
granules,  which  he  regards  as  the  morphological  products  of  the  function  of  the  plas- 
mosomes.  In  the  intracellular  fat- formation,  desienated  by  him  as  xraouUr  fat« 
■ynthesls,  which  occurs  in  leucocytes  and  lymphocytes,  also  in  endothelial  cells, 
connective- tissue  cells,  cartilage-ceils,  epithelial  and  gland  cells,  soap  is  taken  into  the 
cells  in  a  soluble  form  and  there  undergoes  a  granular  change  into  fat.  The  fat- 
droplets  appear  at  the  site  of  the  antecedent  granules. 

In  this  manner  there  arise  in  part  the  so-called  (at-gratiule  cellSf  leucocytes  and 
lymphocytes  closely  packed  with  fat-droplets,  that  occur  frequently  in  areas  of  necrosis 
and  inflammation,  particularly  in  the  central  nervous  system  (Fig.  6!>,  a).  According 
to  Arnold  the  uniform  siise  of  the  fat-droplets  speaks  in  ifavor  of  such  an  ^origin.  Such 
granule-cells  may  also  be  formed  through  pkagoa/tofia ;  that  is,  the  amceboid  cells 
may  take  up  through  their  protoplasmic  movements  fat-droplets  lying  free  in  the  tissues 
(in  softening  of  the  brain  and  spinal  cord  they  arise  through  the  disintegration  of  the 
medullary  sheaths).  In  the  event  ot  such  occurrence,  chemical  and  morphological 
changes  in  the  material  taken  up  are  not  excluded. 

The  carbohydrates  form  a  second  source  of  fat-formation  in  the  organism,  but 
thocbemicalprocessesattendingtheformationoffat  from  carbohydrates  liave not  been 
determined.     It  is  probable  that  the  amount  of  fat  so  formed  is  relatively  much  less 
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than  the  fat  taken  in  as  such  from  the  food.  It  is  still  a  question  as  to  whether  fat  can 
he  formed  in  the  body  from  albumin.  Since  many  facts  speak  for  the  transfonuatioD 
in  the  animal  body  of  certain  groups  of  the  albumin-molecule  into  glycogen  or  mp^ 
su^ar,  the  theoretical  possibility  of  the  formation  of  fat  from  albumin  cannot  be  aenie<i 
{Kraus). 

Of  the  fats  and  lecithins  present  in  the  organism,  those  contaiaing  oleic  acid  aloDf 
reduce  osmium  tetraoxide  to  a  black  osmium  hydroxide,  so  that  treatment  ^ith  osmic 
acid  or  Flemming's  solution  does  not  show  the  presence  of  palmitin  and  stearin.  On 
the  other  hand ,  Sudan  III  and  Scharlach-roth  (ponceau)  stain  all  the  fat^. 
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See  also  §  56. 

§  50.  Fatty  des^eneration  ov  fat-metamo}^hom«  is  that  condition  of  M' 
cells  in  which  fat-dropMs  appear  in  the  jyrotoplasm  iu  such  a  manner  as  to  iw^^ 
cat^a  change  in  the  chemico-physical  cell-stnictnre.  In  a  part  of  the  cases  thi> 
change  may  lie  inferred  from  the  appeamnce  of  the  cells,  in  that  fwi:- 
mentation,' disintegration  (Fig.  70,  e,f),  and  separation  of  the  cells  from 
their  subj^tratnin  mav  be  demonstrated- 
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The  views  of  Virchow  were  formerly  accepted,  to  the  effect  that  in 
Hpomatosis  there  occurred  a  deposit  of  fat  from  the  blood  aud  tissue- 
jiik'es;  while,  on  the  other  haud,  in  fatty  degeiieratioo  there  took  place 
ii  formation  of  fat  from  the  albumin  of  the  degenerating  cells.  Recent 
investigations  make  the  latter  view  doubtful.  Although  the  possibility 
iif  a  formation  of  fat  from  albumin  cannot  be  denied,  it  has  not  yet  been 
proved  that  this  is  the  case  in  tlie  so  cidlcd  fatty  degeneration  of  the  ceHj>. 

In  many  cases  wbat  we  call  fatty  degeneration  is  only  the  expression 
i>f  a  molecalar  phffsiail  deamstUuti&a  of  the  cells,  a  fat -metamorphosis,  in 
which  the  fat  contained  in 
the  cells  in  a  form  that  can- 
uot  be  recognized  micro- 
MKipically  is  sei>arated  out 
into  the  form  of  visible  drop- 
lets. Therefore,  an  increase 
in  the  actual  fat-content  of  the 
i«ll  does  not  occur  in  fatty 
ilet,'e aeration.  Itenal  cells 
that  on  microscopical  ex- 
amination show  no  fat  may, 
cevertheless,  contain  twenty 
per  cent  of  fat.  Should 
fatty  degeneration  occur,  so 

that  the  fat  becomes  visible  in  the  form  of  droplets,  the  total  fat-content 
is  not  increased  (Koscnfeld,  Kraus).  A  process  similar  to  that  taking 
place  within  the  body  occurs  during  the  autolysis  of  tissue  preserved 
;uieptically  in  the  incubator,  fat-droplets  becoming  visible  in  such  tissues 
(Hausen,  Wentscher,  Kraus,  Miiller,  and  others).     When  fat  as  such  is 


—  FHl-oiDUinlnK   liver- 


Hot  pre&ent  in  the  cells  it  may  arise  through  a  chemical  deconstitution 
"fthe?mfAi«,  cerebrin,  and j>ro(«^on«  fmyelin)  contained  in  the  cells. 

A  second  source  of  the  fat  appearing  in  fatty  degeneration  is  the  fat 
hroiiffhl  to  the  affected  cetlt  bt/  the  Nood  and  Hmue-juices,  arising  either  from 
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die  fat  contained  in  the  food  or  transported  from  tiie  fat-depots  in  otJier 
tiasaes.  For  example,  in  phoepborns-poisoning  a  transportation  of  fat 
from  tbe  panniculns  to  the 
liver  takes  place.  It  is  also 
probable  that  the  same  tbiug 
uccnrs  in  other  intoxications 
(arsenic,  alcohol,  chloroform, 
oleam  pnlegii).  In  snch 
cases  an  increase  in  the  fat- 
content  of  the  affected  organ 
must  resalt,  but  this  is  not 
always  the  resalt  of  a  syn- 
thesis of  fat,  that  is,  of  a 
formation  of  higher  fatty 
acids  and  glycerin  and  their 
combination,  but  is  a  takiiig- 
up  of  fat  that,  either  as  snch 
or  as  soaps,  has  been  given 
over  to  the  blood. 

In  tbe  condition  vhich  we       „    _    ^..    ,  .,  „   „        ,  ,„ 

„     ,  ,,         ,  . .  ,.  no.  73.— Filly  divPinMiUon.  TOrawllattoQ.  and  dls'T- 

Call     fatty     d^eneration,     the       nnlailonurilietHwWnuirlelDBnilHiidTliiKfraiiiiDni- 

fat  appears   usually  in     tbe     ?SII?«^°t^'5'5SSaifw"I^»1'h^mIS^^^^^ 
form  of  fiae  droplets   (Figs.     ?1J^^^^^  iiiu«:i«*ita  wtu.  .wlui™;  .i.^ 
71,  72,  b,  73,  6,  and  74,  i),  but     "»™™"  ' 

these  may  also  become  confluent  to  form  larger  drops  (Fig.  75),  partirit- 
larty  during  the  disintegration  of  the  cell  (Fig.  70,/).  The  conditions 
under  which  the  fatof  ^tty 
degeneration  appears  mak? 
it  probable  that  the  ft-Zh 
which  are  the  seat  of  the  fattg 
metataorphogiaare  fitUUiviiig. 
but  have  been  injured  by  ex- 
trin»ie  infinfjicfs.  In  anie- 
inic  infarcts  of  the  spleen, 
kidneys,  and  heart,  the 
fatty  cells  (Fig.  72,  b)  are 
fouud  in  the  zone  of  traofli- 
tiou  between  the  necrotic 
(a)  and  the  liviug  tissiw: 
that  is  where  the  circulation 
of  the  blood  and  Ij'mph  1^ 
weakened  and  imperfect, 
but  has  not  censed  entirely. 
The  appearance  of  fatly 
cells  in  glands  (Fig.  70,  c, 
d,  e,  /),  in  tbe  endotheliimi 
of  the  blood-vessels,  or  tli>' 
cells  of  the  heart -mnselc 
(Fig.  73.  b)  occurs  in  iit- 
mSSe'^7teSI^^l^"»mX°^™V™T■l'i^™NJ.SIJ"'lnSI^    toxicatioua  and  infections 

kmuiclewtilcb  tuuunden(ODeIaity<l««eneniUun.    x  HO.       'as   the    result     of    CCU-in- 

jury  through  toxic  action. 

Chronic  fatty  degeneration  of  the  heart-muscle  (Fig.  74,  b}  is  seen  iit 

valvular  lesions,  pulmonary  cmphyeema,  general  aufemia;   in  the  tcdhI 
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epitheliamof  consuinptivesit  occurs  partly  as  the  result  of  a  diminished 
(iupply  of  oxygen,  and  partly  as  the  action  of  toxic  substouces.  Ex- 
perimental investigatiODS  have  shown  that  a  long -continued  elevation  of 
the  body  temperature  leads  to  a  fatty  degeneration  of  different  tissues 
(heart,  kidneys,  and  liver). 

A  mild  grade  of  fatty  degeueratiou  cannot  be  seen  with  the  naked  eye. 
The  more  severe  forms  of  the  degeneration  give  an  opaque  whitish  color 
to  colorless  tissues,  as,  for  example,  the  iutiua  of  the  blood-vessels  and 
heart-valves,  which  frequently  show  patches  of  fatty  metamorphosis. 
The  cortex  of  a  kidney  showing  fatty  degeueratiou  becomes  grayish  or 


fia.la, — Fitty  d^KeneraUon  of  (he  renal  epithelium,  from  a  ewe  of  chronic  pulmonar;  lubEi^uloals. 
(Formalin,  liEina(oi;lln,  Sudan   111.)    X  300. 

yellowish  in  color.  In  the  heart-muscle  the  yellowish  discoloration  of 
fatty  degeneration,  particularly  when  tbe  ebange  is  localized  in  small 
foci  (Fig.  74,  6),  stands  out  very  prominently  ("tiger-heart"). 

The  questions  relating  to  fatty  degeneration  have  during  recent  years  been  the 
Rubject  ot  diligent  researches,  and  these  have  shown  that  the  Uschiing  of  Vircbow  of 
the  formation  of  fat  from  the  albumin  of  the  body  can  no  longer  be  accepted.  The 
conclusions  resulting  from  recent  investigations  are  embodied  in  tbe  text  above. 

It  is  not  always  possible  to  decide  whether  the  fat  present  corresponds  to  a  physio- 
logical or  pathological  condition.  Vie  can  no  longer  accept  the  view  that  line  droplets 
oF  fat  witbia  the  cells  signify  a  pathological  condition,  since  most  glands  contain  small 
fat-droplets,  and  other  tissues,  for  example,  muscle-fib  tea,  also  contain  fat-droplets 
under  normal  conditions.  In  favor  of  a  pathological  condition  apeak  an  increase  of 
fat-coQtent  beyond  normal  limits  and  a  focal  occurrence  of  the  fatty  change. 

In  fat  tniuportatlon  the  fat  may  appear  in  the  blood  in  the  fonn  of  large  or 
small  droplets  (lipg^mia).  This  is  most  marked  in  the  case  of  fat-metastasis  due  to 
traunmtic  lesions  of  adipose  tissue  leading  to  fat-embolism.  It  may  occur,  however, 
under  other  conditions,  as  after  the  abundant  absorption  of  milk  or  of  pure  fat  from 
the  intestinal  canal.  Large  fat-drops  that  remain  in  the  vessels  disappear  slowly,  in 
part  asaoclated  with  an  increase  of  the  fat-content  of  the  neigbbo ring  tissue.  Further, 
proliferations  of  the  vessel-wall  may  occur  at  the  site  of  the  embolism,  not  only  after 
the  direct  introduction  of  fat  into  the  blood-vessels,  but  also  after  feeding  with  fat,  as 
in  the  adrainiatration  of  cod-liver  oil  (WuUio). 

If  fasting  doEB  are  fed  with  mutton-tallow,  there  is  a  deposit  of  mutton-tallow  in 
the  fat  depots.  Iftheyare  then  poisoned  withphosphorus,  oleum  pulegii,  or  phloridzin, 
'''"■-  '■ — rs,  which  show  fatty  degeneration  as  tbe  result  of  the  poisonmg,  are  found  to 
rniittnn-fflt.  iti  abundance  in  addition  to  the  animal  a  own  Utt  (Bot^dd). 
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According  to  Leick  and  WinckleTf  the  mutton-fat  under  these  conditions  is  found  also  in 
the  fatty  heart-muscle.  In  dogs  fed  with  iodopin  and  afterward  poisoned  with 
phosphorus,  the  iodized  fat  passes  into  the  liver.  In  animals  devoid  of  adipose  tissue 
no  fatty  degeneration  occurs  in  the  liver  after  poisoning  with  phosphorus  or  phloridzin 
(Roaen/eld,  Fibiger). 

In  the  case  of  aseptic  autolysis  of  the  liver  outside  of  the  body  Waldvogd  has 
recently  made  thorougti  chemical  and  histological  investigations  that  seem  to  show 
that  fatty  and  fat-like  products  of  disintegration  may  arise  in  loco;  and  there  occurs 
an  increase  in  those  bodies  which,  related  to  albumin,  have  a  fat^like  (jecorin,  lecithin, 
protagon)  or  fatty  character  (fat-acids^  neutral  fat).  In  phosphorus-poisoning  {Wdd- 
vogeL  and  TirUemann)  protagon  and  jecorin  appear  as  disintegration-products  of  al- 
bumin (the  lecithin  present  is  for  the  greater  part  transformed  into  substances  which 
after  the  acetone  precipitation  make  up  the  residue  of  the  substances  soluble  in  ether). 
A  similar  disintegration  of  the  albumin-molecule  occurs  in  autolysis. 

According  to  Dietrich,  a  formation  of  fat  does  not  occur  in  autolysis. 

In  degeiiei*atiiig  cells  (kidney,  inflamed  lung,  adrenals,  corpus  luteum, 
etc. )  doubly  refractive  droplets  similar  to  fat  are  found,  but  they  stain 
only  slightly  with  osmic  acid.  They  are  regarded  by  various  authors 
(  Albrecht,  Kaiserling,  Orgler,  etc. )  as  myelin,  similar  in  character  to  the 
myelin  of  the  nerve-fibres.  It  is  also  probable  that  protagon  appears  in 
this  form.     Such  droplets  also  appear  in  the  autolysis  of  cellular  tissues. 

The  kidneys  may  contain  less  fat  than  normal  and  yet  show  much  fat 
both  to  the  naked  eye  and  on  microscopical  examination,  as  the  r^olt  of 
the  liberation  of  the  fixed  fat  in  fatty  degeneration.  The  invisible  fat  is 
set  free  and  becomes  visible.  The  condition  of  fatty  degeneration,  which 
is  a  well-established  anatomical  entity,  may  be  defined,  therefore,  as  an 
infiltration  of  fat  from  outMde  into  cells  degenerating  through  the  influence  of 
poimns  or  other  injurious  agents  (liver,  Jienrt-muscle,  pancreas)  or  as  a  setting 
free  of  the  invisible  intracellular  fat  through  autolysis  (kidneys,  spleen,  musck). 
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§  57.  The  fats  which  occur  in  the  human  body  consist  almost  entirely 
of  a  mixture  of  the  glycerin -esters  of  oleic,  palmitic,  and  stearic  acids 
which  are  designated  olein,  palmiiin,  and  stearin.  The  first  is  fluid  at 
ordinary  temperatures,  the  second  melts  at  46°,  the  third  at  53°  C. 
Since  the  body-fats  contain  varying  proportions  of  olein,  palmitin,  and 
stearin,  they  vary  in  consistency  and  melting-point.  If  after  deatli 
the  fat-containing  tissues  of  the  body  are  cooled  below  the  melting- 
point  of  the  contained  fat,  the  stearin  and  palmitin  may  separate 
jfcnd  form  fine  stellate  or  feathery  needles  (Fig.  76,  ft,  e,  cf),  which  are 
eoinnioiily  called  margarin  needles,  and  which,  according  to  the  con- 
ditions, are  found  sometimes  in  fat-cells,  at  other  times  free  in  the 
tissue-fluids. 

Cholesterin  occurs  in  the  form  of  delicate  rhombic  plates  (Fig.  76, 
«),  the  edges  and  corners  of  which  are  often  notched.  These  may  be 
t'oiiud  wherever  tliere  are  formed  masses  of  detritus  containing  fat,  aris- 
ing from  degeneniting  cells  or  extravasations  of  blood,  as  in  the  diseased 
tunica  vaginalis  of  the  testis,  in  a  dilated  sebaceous  duct  or  gland,  or  in 
a  softened  area  of  degeneration  in  the  wall  of  a  diseasc^d  aorta.  When 
the  substance  in  which  the  cholesterin  plates  are  formed  is  fluid,  these 
way  often  be  visible  to  the  naked  eye  as  little  glistening  scales. 

rhole.sterin  (C.H^^O)  is  a  constant  constituent  of  the  bile,  and  is 
furnished  by  the  mucous  membrane  of  the  gall-bladder  and  bile-ducts, 
and  held  in  solution  by  the  bile  salts  and  soaps.  It  is  found  also  in  the 
medulla  of  the  nerve-fibres,  and  in  small  amounts  in  the  blood,  where  it 
is  held  in  solution  by  fats  and  soaps.  According  to  Burchard  traces  of 
cholesterin  are  found  in  all  the  organs, 

Cholesterin  is  insoluble  in  water,  dilute  acids,  caustic  alkalies,  and 
cold  alcohol ;  it  is  soluble  in  boiling  alcohol,  ether,  choloroform,  and 
Ih^uzoI, 
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Wheu  treats  with  a  mixtufe  of  five  parts  of  concentrated  snlphnric 
Biiid  and  one  part  of  water  the  edges  of  cholesterin  crystals  take  on  a 
c^miine-n'd  color,  which  gradually  parvesv  into  violet-     Sulphuric  acid 


Fki.  W.   a,  CbolfVterln  platPii ;  ft,  free  cluster  of  manrarlii  needles ;  c,  needles  endowd  wtttain fat-cells; 

(i,  gnut-Uke  buncii  of  mmiKuIn  needles.    X  300. 

and  water  mixed  in  the  proportions  of  three  to  one  give  a  violet  color  to 
the  cdgeH  of  the  crystals.  Concentrated  snlphnric  acid  containing  a  trace 
of  iodine  colors  the  crystals  violet,  blue,  green,  and  red. 

The  origin  of  cholesterin  is  not  known  with  certainty.  It  is  probable 
that  it  is  an  intemiediate  product  in  the  decomposition  of  albumin.  Cor- 
n^sponding  to  this  view,  it  is  found  under  those  pathological  conditions 
in  which  ulbnminons  substances  break  down  with  the  formation  of  fat. 
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Vil.  The  Deposit  of  Qlycogen. 

S  58.  Qlycogen  (C.H^.OJ"  is  a  carbohydrate  which  is  readily  eon- 
vtMllblo  into  migitr;  and  in  the  body  is  formed  chiefly  from  the  carbohv- 
tlrutt^s  of  the  food,  but  may  also  be  forme<l  from  albumin  and  gelatin. 

I  n  t  he  t  Ixsues  of  t  he  body,  glycogen  is  found  as  a  hyaline  sub^ance,  most 
oftou  within  the  cells,  but  oociudoually  in  the  tissue-spaces.  It  usually 
lUHUUti  In  the  form  of  spherules  or  lumps  of  different  sizes.  In  the  cell> 
t  luvNi^  Hphcrules  art^  !no8t  frequently  found  in  the  neighborhood  of  tlif 
u\ioleuM« 

(Hyet>gtni  IvH  soluble  in  water,  but  the  solubility  of  that  found  in  dif 
IVMHMit  tiiiH\u^s  Yiu'it\H  (^lianghaiis) ;  that  found  in  the  liver,  kidneys,  m\\>- 
i^i"^  and  puseorpuwles  is  more  easily  soluble  than  that  of  cartilaj:*' 
IH^IU  and  Hurfaw  epithelium.  Fixation  of  the  tissue  in  alcohol  render 
th**  «lyoiH%'^M»  U\Hs  mkhible  in  water.  After  death  the  glycogen  of  the  liver 
Im  t(Ulokly  oonvertiHl  into  sugar  through  the  action  of  adiastatic  fermeuf. 

<i'(v****ji^*M  A«N«i»iMt^4i  6iv(riiMA'iW  icAfM  hratrd  fcith  iodine.      Through  a 
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method  given  by  Beat,  glycogen  may  also  be  stained  red  with  carmine 
(Fig.  77.  b,  <•). 

Glycogen  is  present  in  almost  all  the  tissues  of  tlie  embryo,  also  in 
the  fcetal  membranes  at  au  early  period  of  development ;  and  in  the  adalt 
Imdy  in  the  liver-cells,  muscles,  heiirt-muscle,  cartilage-cells,  in  the  sur- 
Uive  epithelium  of  various  oi^ns,  in  the  leucocytes,  and  in  the  blood- 
iseruni  (Gabritschewski ),  During  starvation  the  glycogen  of  the  liver  is 
(liininished,  and  under  pathological  conditions  may  wholly  disappear. 

Glycogen  appears  in  palhnlogicallg  increased  amount,  particularly  in  dia- 
betes, chiedy  in  the  blood  and  in  tlie  kidneys.     Tlie  epithelium  of  the 


Flc.  77. — ClycoRen  deBeiieratlon  of  Ihe  rennl  epithelliin 
OterkK.  I.  c.)  a.  Notiiiat  IiiUiIch:  b.  eplllicllum  nllh  early  sts 
trtycoem  il«poslt  witli  epllhiltal  deslructiun.      x  30U. 

renal  tubules  in  certain  areas  contains  in  part  large  numbers  of  small 
drops  (Fig.  77,  b),  and  in  part  also  large  drops  (c).  Since  this  deposit 
leadK  finally  to  a  destruction  of  the  cells,  the  condition  may  be  de^sig- 
Dated  as  a  glycogen  degenei'ation  of  the  cells. 

GIyc(^en  occurs  also  within  inflammatory  foci  (also  in  infectious  pro- 
liferations of  granulation-tissue  [Gierke] ),  usually  first  in  the  poly- 
nnclear  leucocytes,  but  also  in  the  so-called  epithelioid  cells,  fibroblasts, 
and  the  syncytial  giant-cells  developing  from  these,  further  also  in  the 
lissne  bordering  upon  the  inflammatory  area.  Glycogen  is  also  found  in 
iiiauy  tumors,  carcinomata  and  sarcomata. 

It  is  difficult  to  determine  the  sitnlflcance  of  the  glycogen  sppeaiilis  under 
pathologtcal  COndlUona.     Since  glycogen  is  abundant  in  embryonal  t' 


ijuicltly  zrowing  tumors,  BravUt  ia  of  the  opinion  that  its  appearance  is  a  sign  of  a 
increased  prohierative  cell  activity;  but  the  presence  of  glycogen  in  large  amounts  i 
pus-cells  does  not  a^ree  with  this  theory.     Moreover,  in  tumors  It  is  not  found  ii 


fPltionH  of  most  active  cell  proliferation.     According  to  Gierke,  glycogen  appears  by 
preference  in  those  tissues  deprived  to  a  certain  extent  of  the  circulation.     A  certain 
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parallel  exists  between  the  occurrence  of  fatty  degeneration  and  glycogen  depo>r. 
Both  changes  are  found,  for  example,  in  inflammatory  foci  and  at  the  edge  of  neerotie 
areas.  In  both  cases  degenerating  cells  are  present  that  are  able  to  take  up  both  fat 
and  glycogen,  but  can  no  longer  change  them. 

According  to  Wolff,  the  leucocytes  circulating  in  the  normal  blood  also  contain 
glycogen,  but  this  glycogen  is  very  easily  soluble,  and  therefore  difficult  to  demonstrate. 
In  many  infections  and  mfiammatory  exudates  the  glycogen  of  the  leucocytes  becomes 
less  soluble  and  can  therefore  be  more  easily  demonstrated. 

The  iodophile  hyaline  substance  contained  in  the  tissues  is  not  a  pure  glycogeit. 
but  is  most  probably  a  combination  of  glycogen  with  an  albumin-like  substance.  In 
avoid  the  solution  m  water  of  glycogen  in  fresh  preparations,  a  syrupy  solution  ot 
iodine  in  gum  (Ehrlich)  or  iodine-glycerin  (Barfwih)  may  be  used  m  this  investip- 
tion.  Sections  of  tissues  hardened  in  alcohol  are  best  treated  (Langhans)  with  a  dilute' 
tincture  of  iodine  (1  part  tincture  iodine  to  4  parts  absolute  alcohol),  and  then  cleared  in 
oleiun  origani  in  which  the  reaction  is  preserved  for  a  long  time.  The  reaction  isaL'^' 
preserved  for  a  long  time  in  hard  Canada  balsam.  For  the  staining  of  glycogen  with 
carmine,  Best  gives  the  following  method :  the  sections  are  first  stained  with  lupma- 
toxylin  and  are  then  stained  for  tnree-fourths  to  one  hour  in  a  mixture  of  two  parts  of 
a  solution  of  carmine  (carmine  1.0  grm.,  ammonium  chlorate  2.0  grms.,  lithium  car- 
bonate 0.5  grm.,  aq.  dest.  50  grms.,  brought  to  a  boiling-point,  after  which  there  is 
added  20  c.c.  of  liq.  ammon.  caust.),  3  parts  of  liq.  am.  caust.  and  6  parts  of  methyl 
alcohol.  They  are  then  decolorized  for  a  few  minutes  in  a  mixture  of  2  parti 
methyl  alcohol,  4  parts  absolute  alcohol,  and  5  parts  water,  and  finally  momited 
in  Canada  balsam. 
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VIII.  riucous  Degeneration. 

§  5n.  riucous  degeneration  has  itB  pliy»iological  prototype  in  the 
production  of  mucus  by  the  uiucoub  membranes  and  mucoiiR  {jla"^  and 
iQ  the  formation  of  mucus  in  the  connective  tissne  of  the  lunbilical  cord, 
tendons,  bursie,  and  synovial  membriines.  In  the  umbilical  cord  the 
mucus  occurs  as  a  jelly-like  matrix ;  in  the  > 

joints,  bursie,  and  tendon-sheaths  it  fonns 
a  cleaj',  stringy  fluid, 

In  the  epithelium  of  the  mucous  mem- 
branes the  mucus  appears  first  in  the  gob- 
let-cells (Fig.  78,  «),  forming  a  clear  sub- 
stance which  stains  with  liiematoxyliti.  In 
mucous  glands,  during  the  process  of  mu- 
cus formation,  the  epithelial  cells  swell, 
their  central  portions  become  clear,  and 
the  ^mnules  of  the  protoplasm  are  re- 
duced to  small  groups  or  strands.  The 
KD-callcd  mucous  corpuscles  of  the  saliv- 
ary secretion,  which  are  characterized  by 
Rliwsy,  transparent  contents  and  vibrating 
protoplasmic  granules,  are  round  cells 
which  have  undergone  mucous  degener- 
ation. 

'Che  mucus  formed  from  the  protoplasm 
of  the  cells  may  be  discharged,  and  the 
cells  remain  intact,  or  in  other  cases  they 
may  be  destroyed. 

Mucus  is  produced  in  the  same  way 
under  pathological  conditions  as  under  nor- 
mal (Fig,  78,  ffl).  In  catarrh  of  the  unicons 
membranes  there  is  an  increased  formation 
of  uiucus  by  tlie  cells  of  the  superficial  epi- 

Ihelium  as  well  as  those  of  the  glands.  In  addition  the  pus -corpuscles 
luay  also  nndei^  mucous  degeneration,  the  mucin  being  formed  from 
the  nuelein  of  the  nuclei  (Kosael).  In  mucous  membranes  covered  with 
cylindrical  cells  the  number  of  goblct-eells  is  increased,  and  in  the  secre- 
tion there  are  found  cells  which  have  undei^one  complete  mucous  degen- 
eration— that  is,  they  have  been  converted  into  glassy  masses  containing 
few  granules.  Other  cells  contain  the  mucus  in  the  form  of  drops  of 
varying  size. 

The  epithelium  of  pathological  tissues  may  also  undei^o  a  mucous 
degeneration,  in  a  manner  similar  to  that  occurring  in  normal  tissues. 
Thus  the  epithelial  lining  of  cysts  of  the  ovary  and  of  intestinal  tumors 
may  often  contain  numerous  goblet -cells  (Fig.  79,  a),  and  cells  which 
have  itndei^ne  total  mucous  degeneration  (b).  In  the  so-called  gelat- 
inous or  mucoid  carcinoma  (colloid  carcinoma)  a  large  part  of  the  epi- 
thelial cells  suffer  a  mncons  metamorphosis. 

Of  the  connective  tissues,  which  may  snffer  a  mucous  degeneration  and 
thereby  acquire  a  gelatinous,  transparent  api>eanince,  may  be  mentioned 
tibrons  connective  tissue,  also  OiU+ilage,  bone,  adipose  ti-ssue,  boneinar- 
row,  and  sarcomatous  tissne.     la  these  tissues  it  is  cliiefly  the  gi-ouud- 


Fia.  7B.— Formation  of  munutrluiln 
le  epUbelUI  eeUa  of  an  ■di-nomalous 
>lTP  ol  Itie  aniall  lnii«tln«.  lAlcobol, 
Lloiylln.)     a,    tptlheUum   with 

tbe  epIUwiluiD.    x  Mh. 
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substance  (Fig.  80,  b)  which  undergoes  mucous  change  and  is  coDverted 
into  a  homogeneous,  structureless  mass.  The  ce\&  may  remain  nn* 
changed,  or  may  become  fatty,  or  also  undei^o  mucous  degeneration, 
lu  the  last  eveut  the  entire  tissue  ultimately  forms  a  hyaline  mass,  in 


Kh;.  79.  Fig.  80. 

FIO.  79.'-Ep(tbeUftl  cells  whicli  have  undeivoiie  macoos  deffenenUiom  from  a  cjBtade&omA  of  tbe  orary. 
a.  Cells  BbowlDg  sligbt  cbange ;  b,  oeUbi  sbowlng  marked  deirree  at  muoous  ebaofre.    X  400. 

Fia.  80.— MuooQg  defeneration  of  tbe  connective  tteue  of  tbe  aortic  Talves  (omle  add,  glfterin).  a* 

Ftbrous  dnue;  b,  myxomatous  Useue.    X  aSOi 


which  only  scattered  fibres  of  connectiye  tissue,  or  single  cells  or  groapb 
of  cells  are  left  to  suggest  the  original  tissue. 

The  string\%  or  gelatinous  material,  which  results  from  mucous  de- 
generation,  does  not  represent  a  single  chemical  substance;  in  it  there 
may  be  found  different  yarieties  of  mucins  as  well  as  of  pseudomucins. 

The  mucins  (submaxillary,  intestinal,  and  tendon  mucin)  are  nitro- 
genous substances  somewhat  resembling  albumin.  They  dissolve  or 
swell  up  in  water  forming  a  stringy,  mucous  fluid,  from  which  they  may 
be  precipitated  in  a  stringy  form  by  means  of  alcohol  or  acetic  acid;  but 
differ  from  the  true  albumins  in  the  fact  that  the  precipitate  is  not  redis- 
solved  in  an  excess  of  the  acid.  The  precipitated  mucins  are  soluble  in 
neutral  salt-solutions,  caustic  alkalies,  and  alkaline  carbonates;  and  are 
gradually  conyerted  into  alkali-albuminates  in  case  of  solution  by  the 

last  named. 

All  mucins  contain  nitrogen  and  sulphur ;  their  content  in  carbou, 

oxygen,  nitrogen,  and  sulphur  yaries  in  the  different  forms. 

Pseudomucin  also  dissolves  in  water,  forming  a  gelatinous  fluid, 
from  which  it  may  be  precipitated  in  stringy  masses  by  alcohol.  The 
precipitate  redissolyes  in  water.  Solutions  of  pseudomuoin  are  not  pre- 
cipitated by  acetic  acid. 

Pseudomucin  is  found  particularly  in  ovarian  cystomata,  and  is  the 
cause  of  the  gelatinous  character  of  the  cyst-contents.  It  is  produced 
by  the  epithelium  of  these  tumors  (Fig.  79) ;  and  in  its  formation  the 
same  changes  take  place  in  the  cells,  as  in  the  formation  of  mucin  from 
epithelium.  In  all  probability  the  mucous  substance  present  in  gelat- 
inous carcinomata  is  a  body  closely  related  to  pseudomucin  or  metalbu- 
min — that  is,  there  are  different  varieties  of  pseudomucin  (Pfannenstiel), 
of  which  the  two  mentioned  ai-e  examples. 

Through  proper  treatment  the  mucins  may  be  split  into  a  carbohydrate,  animaj 
gum  {Landwehr,  Hammarsten),  and  mucin  may  therefore  be  designated  a  jjlycoprolein 
{Pfannenstiel).  The  psendomncins  when  treated  with  dilute  mineinl  adds  likeww 
split  off  a  carbohydrate  which  reduces  copper  sulphate  in  alkaline  solution  (P/fl"* 
nenstiel). 
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Tlio  nmcin-like  substancea,  precipitsble  by  acetic  acid,  which  occur  in  the  tynoHnl 
fluid,  differ,  according  to  Sallcoiciki,  from  nucleoalbumiD  hi  the  absunce  of  pliospborus. 
Prom  ordinary  muciD  they  are  diatioguiahed  by  tlieir  different  lieliavlor  witii  miDeral 
acida:  when  boiled  with  dilute  hydrochloric  acid  do  reducing  aubatancc  te  obtaiued. 

ifiljukoff  has  obtaiDed  from  tttc  gelatinoiia  coutent§  o[  an  ovarian  cyst  a  mucin-likc 
'libatBDce  which  be  bas  named  jtaratnadn.  Jt  differs  from  paeiidomucin  chietly  in  the 
fart  that  without  previous  boiling  wiUi  dilute  acids  it  reduces  copper  oxide  in  an  alka- 
line solution. 
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IX.  Formation  of  Epithelial  Colloid  and  Epithelial  Hyaline 
Concretions. 

g  60,  ThH  epithelial  formation  of  colloid  is  a  process  closely  related 
to  the  epithelial  prodnction  of  mucus;  it  consists  partly  in  a  secretion  of 


rra.  SL— Beovtlon  of  mUoid  In  tbeUifrold.    (Atlrr  BoceI.I    o.  Colloid:  b.  ■ecretlng  cells  n1lti.gTUiulet. 

colloid  by  gland-cells,  and  partly  in  a  conversion  of  entire  cells  into  col- 
loid.    Physiologically,  colloid  is  found  in  the  thyroid  (Fig.  82),  where  it 
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api>ean(  in  Ihe  form  of  bt/t^iiif,  rather  Jii-m,  colorless,  or  ^iffhtli/  "VwrtJ, 

JeBg-like  viawfi,  which  in  Ihe  limt  place  fill  the  follicles  (c),  but  from 

tbeHe  uiiiy  <>\t<>iid  iuto  the  lymph -veiiHels  of  the  thyroid.     Ptithologiivl 

collection*    of    colloid   occur 

both  in  nonual  glanil-ti^Di' 

iind  in  newly-formed  glnud- 

ular-tis8iie    of    pathol<i}!ifal 

nature.     The    aecuinQhitinu 

causes  a  more  or  less  martini 

distention   of   the    follicles. 

and  thereby  leads  to  an  en- 

lar^ment    of    the    affwtciJ 

glaud,   which   is  known  as 

colloid  goitre  or  l)ixmdioc»l<*. 

The  typienl  secretion  <>\ 

_  colloid   is  charaeteri!te<l  l>v 

fluid.  hsniiu>i)-lln.  and  f«ln.)     X  «»>.  the    fOrloatlOn     Of     llOtUO^ 

ueous  granules  andsphrrules 
in  that  portion  of  the  epithelial  colls  next  to  the  lumen  of  the  foUicie 
(Fig.  82).  8ome  of  the  cells  may  be  completely  filled  with  these  gran- 
ules. In  excessive  and  atypical  formation  desquamated  cells  may  K- 
come  converted  into  the  hyaline  substance  of  colloid. 

The  colloid  of  the  thyroid  is  found  ou  microscopical  examination  to 
he  komogeneoHS ;  and  according  to  its  appearauce  it  may  l>e  dcsignatel 
epithelial  hyalin.     As  a  rule  it  incloses  no  cellular  elements,  but  de- 
generating cells  may  be  found  in  it.     Alcohol  and  acetic  acid  cause  no 
clouding,  or  precipitation  in  the  form  of  threiwls,   as  hapt^eus  in  ll^e 
case  of  mucin  when 
so   treated.     By 
means   of  Van  Gie- 
son's  staining  meth- 
od the    colloid  is 
stained    orange -red, 
while     the    connec- 
tive  tissue  takes  a 
fuchsin-reil.  It  must 
be    noted   that    the 
contents  of  the  thy- 
roid follicles,  which 
are   designated  col- 
loid, are  not  always 
of  the  same  charac- 
ter.     At    one   lime 
the  substance  is  firm, 
at    another  soft   or 
even  fluid,  or  at  least      rm.  m.— coimu  conrretkins  m  tb»  r^nuv  diisi^  tubuim  or  ib»  puo- 

IS  reaauy  SOIUDie  in      p«ruvartuni!  c,  (■yaisoonlsi»lnBn.ll"lrtPOiim?tloii»u(p.    x  SO. 

water.     In  prepara- 
tions fixed  in  alcohol  a  grannlation  or  cleavage  may  be  caiiscil  by  t'on- 
traction;  and  the  staining  reactions  are  not  always  the  same. 

The  chemical  nature  of  the  thyroid  colloid  is  not  fully  known,  and  it 
is  probable  that  the  contents  of  the  follicles  are  of  variable  compiwiitiou. 
It  is  most  probably  an  albuminoid  body  which  is  combined  with  iitdothy- 
rin,  the  active  principle  of  the  thyroid  glaud. 
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Epithelial  hyalin  is  alsu  foiiiul  in  tlieKlaniLs  of  the  liypojiliysiseere- 
Itri,  in  the  urinary  tnlmle^  uf  diseased  kidneys  (Fi;;.  s:i),  in  the  prostate 
iFig,  85,  <1),  in  cysts  of  the  iKirorariiim  (Fig.  84,  (/),  in  theKlunds  of  the 
stomach,  and  more  raix-Iy  in  other  glands.  In  the  liist-nained  otgaos  tlie 
hyaliii  occurs  in  the  foi-ni  of  a  nnifonnly  homogeneous  iniuss  eonipletely 


Fm.  JB.— Sertlon  troiu  >  hypertroptilc  prnsMle  wl 

tilling  the  gland  luiocn.  or  often  iis  hyaline,  in  part  laminated  concre- 
tions (Fig.  84,  ((,  and  Fig.  8.5,  d)  of  more  or  less  iirui  consistency. 

It  must  not  bo  assumed  tliat  the  last-named  formations  are  identical 
ID  their  chemical  composition  with  thyroid  eoUoid.  The  only  thtnj: 
which  they  possess  in  common  is  this:  they  both  represent  trangfoiHitd 
proloplama  of  gltind-cdls—^  substance  which  is  hyoVme,  possesses  a  c<'rtaiu 
firmness,  and  doe»  tiut  react  to  ehemictd  reagents  in  the  same  vinitufr  as  tUirs 
mucin.  These  cono'etions  may  also  undergo  changes  wliiclt  iieeessitale, 
iiu  their  part,  a  different  behavior  toward  microchemieal  reactions. 
This  is  particularly  true  of  the  prostatic  concretions,  which  not  infi-e- 
quentlyshow,  when  treateil  with  iodine,  a  reaction  that  has  Ix-en  taken 
as  evidence  that  they  are  composed  of  amyloid  material  (see  §  63).  It 
may  jje  proved,  both  in  the  ca."*  of  prostatic  concretions  and  of  n-nal 
irolloid,  that  they  represent  cell-material  which  has  become  changed  into 
hyaline  substance.  In  the  case  of  renal  colloid,  however,  it  is  only 
under  esi>eeial  conditions  that  the  participation  in  its  formation  of  albu- 
min derived  from  the  glomeruli  may  be  excluded. 

Colloid  is  a  collKtIve  term  wliicli  is  applleil  to  a  great  varieiy  of  fornintiuns  ilmt 
po$>*i'!ss  001;  certain  physical  atliibiiti'S  In  common.  There  is  a  visry  Krcat  diffcreiii^  of 
<ipinion  among  Hutbors  as  to  tlie  application  of  the  term.  Under  colloid  degenenitlon, 
lor  example,  ron  Heeklinghauxn  places  mucous,  amyloid,  and  Iiyuline  di^gencnttions: 
including  under  the  last-named  epitliclial  colloid -formation,  liyalinc  di-generation  of 
coDDeclive  tiaitue,  as  well  as  hyaline  coagulation -necroses  anil  hyaline  thrombi.  Mar- 
fkiad  gives  the  term  a  more  limited  applJcntioD,  but  lnclu<les  under  colloid  certain 
tonns  of  epithelial  mucio- formation  {particularly  in  tumors),  and  also  hya."ne  forma- 
IJODB  in  connective  tissue,  Inasmncli  ns  eolloia  is  nnt  a  definite  eliemlcal  entity,  and 
IS  its  staining-reactions  do  not  difTerentiule  it  sharply  from  otlu-r  liynliiie  srihstniiccs.  it 
E^ms  to  me  most  expedient  to  apply  the  term  only  to  tliose  liyalint:  pnxnicts  of  epithe- 
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Hum  which  do  not  pomem  the  chanu'terifitics  of  mucin.  1  hare,  therefore,  also  daaafied 
as  colloid  those  epithelial  eoDcreUons  which  on  accoont  of  their  reaction  with  iodine 
(brown  or  blue  color  when  treated  with  dilute  iodine  solutions)  have  hitherU)  bee.n  re- 
garded aa  amyloid  btnlies.  If  objection  is  made  to  the  classification  of  these  fonnatioDS 
as  colloid,  thev  iiuty  be  placed  under  the  heading  of  epttbeHil  lijalte* 

As  epithe'lial  hyalio  (keratohya)in?)  may  be  classed  also  the  hyaUM  grahvJr$  and 
ifpfierule$  deaeribed  by  Hum^I,  Klein,  and  others,  and  which  are  found  especially  in  can- 
cer cells.  They  staio  intennely  with  fuchsin,  and  also  with  Gram  s  method  or  with 
Weigerl's  fibriu  stain.  It  should  be  noted  further  that  similar  bodies  of  Tarring  aze 
and  form  have  been  observed  in  the  epithelium  during  tiie  development  of  a  vac€iiiatia& 
pustule  {IJiicluh,  and  have  U^fn  by  many  regarded  as  paraMtes. 
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X.  The  Patholosical  Cornification  of  Epithelium. 

g  01.  Tho  cornification  of  the  surface  epithelium  over  the  eutire 
skin  is  a  physiological  process,  characterized  essentially  by  the  fact  that 
the  cells  in  the  outer  strata  of  the  prickle  layer  pf  the  stratum  germina- 
iinum  undergo  a  horny  change.  This  cornification  takes  place  first  at 
the  periphery  of  the  cells  and  in  the  processes  binding  the  cells  together, 
while  at  tho  same  time  the  inner  portions  of  the  cell  and  the  nucleus 
shrink,  so  that  the  cavils  become  changed  into  thin,  flat,  horny  scal^ 
This  horny  substance  or  keratin  is  a  very  resistant  modified  albuminoid 
body  of  homogeneous  composition,  and  is  capable  of  resisting  digestioa 
by  the  gastric  or  pancreatic  juices. 

As  sK*.companying  phenomena  of  cornification  there  api)ear  in  the  cells 
of  the  prickle  layer  peculiar  hyaline  granules  and  spherules  resembling 
colloid,  which  stain  intensely  with  nuclear  stains  and  are  known  as  liem- 
tohyalin  ( Waldeyer).  In  those  areas  of  the  skin  possessing  a  thick  horny 
layer,  there  is  formed  a  sharply  limited  layer  of  such  keratohyalin-con- 
taining  cells;  this  layer  is  known  as  the  stratum  graniiiosum.  In  those 
places  where  the  horny  layer  is  thin,  the  stratum  granolostun  is  im\yeT' 
fectly  developed  and  exhibits  breaks  of  continuitj\ 

Pathological  cornification  may  occur,  in  the  first  place,  as  a  wide- 
spread or  localized  increas*'*  of  the  horny  layer,  resulting  in  a  condition 
of  hyperirvphy  of  the  horny  layer  of  the  epidermis  (see  Chapter  YL,  §  76\ 
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or  hyperkeraJtom.  This  phenomenon  may  be  primary — that  is,  due  to 
intrinsic  causes  inherent  in  the  anlage  of  the  skin  (ichthyosis,  lichen 
pilaris) — or  may  be  acquired  as  the  result  of  external  influences,  mechani- 
cal lesions,  infections  and  inflammations  (callosities,  corns).  Further, 
there  may  occur  disturbances  in  the  process  of  cornification  of  the  skin, 
so  that  certain  pathological  manifestations  recognizable  by  the  naked 
eye  may  make  their  appearance,  such  as  desquamation  of  the  skin.  Such 
ehangeii  are  included  under  the  term  parakeratoses.  They  occur  especially 
as  sequelie  or  concomitant  phenomena  of  infections  of  the  epidermis,  and 
of  inflammations  of  the  corium  and  papillary  body,  sometimes  without 
any  recognizable  cause ;  and  in  these  cases  either  the  process  of  cornifica- 
tion or  of  the  formation  of  keratohyalin,  or  both,  is  disturbed. 

Finally,  pathological  cornification  often  occurs  in  regions  where  nomuxUg 
it  either  does  not  occur  at  all  or  bid  to  a  slight  extent.  In  the  skin  the  cor- 
nification may  extend  to  the  ducts  of  the  sebaceous  glands  and  to  the 
hair-follicles  (ichthyosis)  or  to  the  sweat-glands  (porokeratosis).  Fur- 
ther, pathological  cornification  occurs  not  infrequently  in  the  mucous 
membrane  of  the  mouth,  giving  rise  to  white  thickenings  of  the  epithe- 
lium or  to  hair-like  formations  (hairy  tongue).  Horny  change  may  be 
observed  also  in  the  mucous  membrane  of  the  middle  ear,  in  the  mastoid 
cells,  in  the  descending  urinary  passages,  and  in  these  places  it  may  lead 
to  the  formation  of  shining  white  scales  (formation  of  cholesteatomata), 

Cornification  of  cancer  cells  is  very  frequently  seen,  particularly  in 
cancers  of  the  skin,  in  which  the  horny  scales  are  found  usually  in  the 
form  of  round  masses  resembling  onions  or  pearls.  Similar  horny  prod- 
ucts are  also  found  in  cholesteatomata  of  thepia  and  brain. 

The  pathological  formation  of  horny  substance  in  the  mucous  mem- 
branes or  in  tumors  takes  place  either  simply  through  cornification  of  the 
cell-membranes  with  contraction  of  the  cell,  or  it  may  l)e  combined  with 
the  formation  of  keratohyalin  as  in  the  case  of  typical  cornification. 
The  formation  of  keratohyalin  and  the  cornification  of  epithelial  cells 
often  occur  irregularly  distributed,  particularly  in  cancers. 

Literature. 

(^Comificalion,) 

Best:  Verhomung  des  Bindehautepithels.    Beitr.  v.  Deutschmann,  34  II.,  1898. 

BostnJm:  Piale  Epidennoide.    Cbl.  f.  allg.  Path.,  viii.,  1897. 

Brosin :  Die  schwarze  Haarzunge,  Leipzig,  1888. 

Benoir:  De  la  langue  noire,  Paris,  1878. 

Dinkier:  Schwarze  Haarzunge.     Virch.  Arch.,  118  Bd.,  1888. 

Bmst;  Bezieh.   d.  Keratohyalins  zum  Hyalin.    Virch.  Arch.,  130  Bd.,  1893  (Lit.); 

Normale  Verhomung.    Arch.  f.  mikr.  Anat.,  47  Bd.,  1896;  Pathol.  Verhornung. 

Beitr.  v.  Ziegler,  xxi.,  1897  (Lit.). 
Haug:  Das  Cholesteatom  d.  Mittelohrrftume.    Cbl.  f.  allg.  Path.,  vi.,  1895. 
Joseph:  Porokeratosis.    Arch.  f.  Derm.,  89  Bd.,  1897. 
Leloir:  Leukoplakie  buccale.    Arch,  de  phys.,  x.,  1887. 
Kertsching:  Keratohyalin  u.  Pigment.    Virch.  Arch.,  116  Bd..  1889. 
Kehrkom:  Meningeale  Perlgeschwulst.    Beitr.  v.  Ziegler,  xxi.,  1897. 
Poflner:  Schleimhaut verhomung.     Virch.  Arch.,  118  Bd.,  1889. 
Unna:  Handb.  d    Hautkrankheiten,  Leipzig,  1883;   Die  Histopathologic  der  Haut- 

krankheiten,  Berlin,  1894;  Wesen  der  Verhornung.    MQnch.  med.  Woch.,  1896. 
"VITaasinuth:  Hyperkeratosis  diffusa.     Beitr.  v.  Ziegk»r,  xxvi.,  1899. 
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XI.  Amyloid  Degeneration  and  the  Amyloid  Coocretioiis. 

§62.  Amyloid  degeneration  is  a  peculiar  degeneration  of  the  iw 
n.£ctive  tissue  of  the  blood-vessels,  rharacterized  by  a  dep<ml  of  <n 
albuminoid  fmhiiauff  {amyloid)  in  the  affected  part,  so  that  the  tisi>w  in- 
ci'eitses  in  ina.«s  and  at  the  .same  time  acquires  a  p«>culiar,  glassy,  homeg- 
woM»  appearoHce.  The  d^eneratiou  may  occur  in  almost  all  the  organs 
of  t  lie  iKMly;  bnt  is  especially  freqaent  lu  the  spleen,  lirer,  kidneys,  io- 
testiue,  stomiich,  adrenals,  pancreas,  and  the  lymph-glands.  It  is  mure 
rarely  observed  in  adipose  tissue,  thyroid  gland,  aorta,  heart,  muscK 
ovaries,  uterus,  and  in  the  nrinarj-  passages. 

Esteasive  deposits  of  amyloid  may  be  recognized  by  the  naked  *■.«, 
as  the  affected  parts  present  a  tntnslneent  appearance  resembling  baron 
{lankiceou*  degeaemtion'). 

In  the  »p/<eH  tite  change  occurs  most  frequently  in  the  follicles,  rhich 
in  a  certain  stage  of  the  degeneration  may  become  oonrerted  into  boino- 
geneoos,  tianslncent  l>odies  (Fig,  86,6)  resembling  grains  of  boiled  sago, 
wherefore  this  form  of  amyloid  spleen  is  known  as  mgo  aplm.  ^Vben 
(be  amyloid  change  occurs  throughout  the  spleen-pulp  it  may  be  rpcof- 
nizcd  on  the  cut  surface  of  the  organ  as  more  or  less  distinct  spots  or 
streaks.  Vltiniately  the  greater  part  of  the  substance  of  the  spleen  mat 
become  affected,    ilie  spleen  is  thas  enlarged,  its  consistency  becwiKS 
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very  hard,  and  the  organ  under  certain  conditions  may  be  eompleteiy 
tninsformed  into  a  bacon-like  snbtdance  (lardaeeoug  gpieen). 

The  lirer,  in  cases  of  well-marked  amyloid  degeneration,  is  inrrea^l 
ill  size  and  of  a  firmer  consistency.  On  section,  the  liver-ti^me  is  foon'I 
to  Im-  replaced  to  a  greater  or  less  extent  by  translucent,  laidaceou.^ 
masses,  between  which  the  remains  of  the  liver-tiKSUe  appear  as  brown- 
ish or  yellowish  (from  abundance  of  contained  fat)  areas. 
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The  kidney,  in  cases  of  exteosive  amyloid  change,  1b  likewise  eiilai^ii 
;iiid  hardeued,  aud  ou  section  shows  hyaline,  lardaceoiis  spots  and  streaki- 
y>ii  firm  consistency.  More  frequently  there  is  found  a  white,  fattj, 
swollen,  or  normal-sized  kidney,  ia  which  only  here  and  there  may  ho 
seen  small  hyaline  granules  or  streaks,  or  the  presence  of  amyloid  may 
be  i-eO'Ognized  only  after  the  tissnes  ]ia\'e  heen  treated  with  iodine. 

lu  the  intestine  and  lymph-glauds  the  degeneration  usually  cannot 


Fui.  S7.— SitiioQ  IroiQ  an  uniylolJ  livtT,  treated  with  Iodine  solulion.    X  35. 

]jt^  recognized  without  the  aid  of  the  microscope  and  chemical  reagent»«; 
and  the  ssime  thing  is  true  in  regai-d  to  the  other  organs  which  are  mort* 
rarely  affected,  such  as  adi])o.se  tissue,  heart-muscle,  the  iireat  blood- 
vessels, the  thyroid  gland,  etc. 

The  substance  which  is  deposited  in  amyloid  degeneration  forms 
chiefly  shining,  homogeneous  masses,  which  exhibit  a  ekararteristie  v- 
action  irilh  iodine  (fit  \rrU  at  trilh  various  aniline  dj/es.  J(«i(Hf  dissolved  in 
water,  or  better  in  a  solution  of  potassium  iodide,  and  poured  o\'er  the 
affected  tissue,  stains  the  amyloid  substance  a  dark  broipnith-iM  (mahog- 
any brown).  In  thin  sections,  under  the  microscope,  the  amyloid  appeai-s 
a  bright  hn»pn-rfid  (Fig.  87,  ft)  while  the  remaining  tissue  is  of  a  straw- 
yellow  color  («). 

In  markeil  amyloid  degeneration,  when  the  tissues  are  of  a  wooden 
hardness,  the  iodine  reaction  sometimes  gives  a  blue  or  ffi-em  rotm:  Pre- 
parations which  have  !)eeu  changed  to  a  mah<^fany  bniwn  Ihroiigh  llie 
iiction  of  iodine  become  still  deeper  brown  when  treated  with  dilute  sul- 
phuric acid  or  with  a  solntion  of  zinc  chloride,  or  they  may  become 
bright  red,  violet,  bine,  or  green.  This  reaction  is,  howevei-,  imperfect 
in  the  majority  of  cases. 

Jffeth^  viofet  stains  amyloid  a  mby  red  (Fig.  88,  a,  b),  while  the  nor- 
mal tissue  takes  a  blue  or  dark  blue-violet. 

Because  of  the  i>eculiar  reaction  with  iodine,  Vircliow  was  led  to  re- 
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'A/WAiuV:u;>9<l  «KLi}MiUf-if  aca£  ^.^ ■*—■'«   iinsiii  Ust:.  vrf  ^srb  «mLu- ' 
MtadMi  }:'>*»  Mb  III-  MiM-iiir        n       V ir^swr  Meaaiat^  srr* -m- taau- 

t>-<i:ii  jMfO  Iwi^j.u^  tanr»^x  uaA  ami  Ji'fC  j^  ■  Toa^^m^ut  Wot  4tf  n  iilm 

'lA  Umu**  wi^Ai  is  »  jfiewuc  is  «Ka  ^aikl  •■■■iS'  a*  s»  tr  « 
^n^i^nt..}  ill)  tKiite.     la  tte  MicviaHyie  vamam^^  ^trcA  p"^?*^ 


Amyloid  la  dipoilted  /»  f/ie  (rround-Mt&sfancc  o/*  the  connecttre  tmiu  vf 
Uw  blwil  i'r*iu-lii,  mpcrUillg  in  tbn  intlU  of  the  naall  ctxaeU.  Living  cells  aiv 
Itiit  lill'tii^U'il.  Ill  Hut  foiUH'tillvo  tiHNUe  the  amyloid  substance  appears 
lil'ol  UilWtnililhotlUrlllii'. 

Ill  lli«  iirliil  of  \\w  llvtr  the  umyloid  iit  found  iiloug  the  capillaries. 
'rheuiHliitlitilimii  (KItt.  8Ii^  <■)  In  covered  on  its  outer  side  by  a  thick  law 
of  V,  litiiiiiiKt'iKioUM,  tihiNHy  Hiibdlum-e,  wliich  in  part  may  be  broken  nj' 
Ihi'oiiKit  iiiiiiien<nit  oh^l1M  Into  Inuipy  masses  (c)  of  amyloid  material. 
'I'ho  llvor  t^tllH  U^lwtt'U  (lit«  umyliiid  niasMM  are  either  intact  (a)  or  cou- 
|iu»iMid  {ft),  or  alreudy  ntrophlo,  or  may  have  wholly  disappeareJ. 
\'\wy  very  olteit  voiiluln  I'at.  The  atlVrent  blood-vessels  of  the  livet. 
|Htili(<ularlv  (tw  HUHlittof  the  arttTU's,  may  also  show  amyloid  depoaibi'. 

lit  (he  kldiii\Vrt(l'lK.  90)  Ute  amyloid  is  found  particularly  in  tk 
veMMtl-wiillH.  Tho  vapilhiriea  of  the  (flooierali  (>)  may  be  greatly  thii'k- 
\\uv\\  and  huui(>t;tMHHHis;  likewliw>  the  arteries  (I'X  the  veios,  and  tin' 
{iMldlhu'tM  (,*)  vi  other  jiarts  of  the  renal  parenchyma  may  show  amyloiil 


deposits.     In  the  iuteiitiDal  mui;oHa  the  deposit  is  also  found  pai-ticiilarly 
in  the  walls  of  the  blood-vessels. 

lu  fat-tissiie,  wliich  is  occasiouolly  extensively  involved,  the  amjioid 
itutetaoce  is  fonud  partly  in  the  vessel-walls,  and  partly  iu  the  connec- 
tive tissne,  and  the  membrauous  sheath  of  the  fat-cells  may  be  entirely 
eonverted  into  a  hyaline  mass.  In  the  spleen  the  eonnecti^e-l issue  tra- 
beculae  (Fig.  88,  a,  b)  and  the  veasel-walls  are  especially  likely  to  be 
affected,  and  may  snffer  a  marked  thickening  (b).  In  striped  musoh- 
the  perimysium  interuam  and  the  sarcotemma  are  involved.  In  glandu- 
lar organs  possessing  a  tunica  propria,  as,  for  example,  the  uuicous 


rio.  ES.— AiajloH  degraeraUoa  ol  the  llrer.    (AloAol.  V«n  Oleaoo's.)    a.  l.lTpr-n-Llg.  In  curt  cuntalutn* 


glands  and  the  kidneys,  this  membrane  may  become  iiffected  and  greatly 
thickened. 

The  results  of  amyloid  degeneration  upon  the  functions  and  vitality 
of  the  affected  organ  are  shown,  through  anatomical  investigation, 
most  prominently  in  the  marked  change  o/alrwcture  on  the  one  hand,  and 
on  the  other  hand  in  the  associated  degeneration  and  the  dinappeaiance  of 
ike  edlular  elemenia.  Amyloid  disease  is  eminently  degenerative  in 
character.  The  connective  tissue  itself  is  permanently  changed,  as  the 
practically  insoluble  amyloid  is  never  removed  from  it. 

The  deposit  of  amyloid  substance  iu  the  tissues  of  the  blood-vessels 
leads  to  a  very  marked  thickening  of  their  walls,  and  to  a  narrowing  ur 
even  obliteration  of  their  lumina  (Fig.  90,  b),  and  in  this  way  to  a  per- 
manent disturbance  of  circulation.  The  amyloid  masses  may  compi'ess 
neighboring  epithelial  strmitnres  (Fig.  89)  and  cause  them  to  ati-ophy. 
Often  there  is  associated  a  fatty  degeneration  of  the  epithelium  (Fig.  90, 
f,  /),  particularly  in  the  kidneys ;  but  this  change  is  not  to  be  referred 
i\'holly  to  the  disturbances  of  circulation  caused  by  the  amyloid  deposit. 
It  is  more  likely  that  the  fatty  degeneration,  at  least  in  part,  is  a  path- 
ological process  running  parallel  with  the  amyloid  disease,  and  caused 
by  the  same  conditions  producing  the  latter.     Consequently,   in  some 
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easts  the  aiiiyloi^l  cliange  may  be  sliglit,  while  the  fatty  degeneration 
very  marked. 

lu  the  ftiilecn  and  Ijniph- glands  the  lymphoid  cells  lyiuc  in  I 
meshes  of  tlie  thickened  reticuliuu  (Fig.  88,  a)  disappear  as  the  resalt 
atrophy  aod  fatty  degeneration.  Iii  muscles  the  contractile  siibstai 
diminirihes  in  proportion  to  the  increase  of  the  amyloid  deposit  iu  a 
nectire  tissno. 

Amyloid  deposit  is  nsnally  a  sequela  of  cachexia  due  to  d»romeah 
ative  tuberculosig  of  diSeKnt  organs,  chrtmic  suppunriton  (for  example, 
the  bones),  sypWU,  or  chronic  tiygeiiirry.  In  the  cachexia  of  caictnoi 
it  Is  but  rarely  observed.  In  rare  cases  the  degeneration  occurs  iritho 
being  associated  with  any  of  the  above-mentioned  diseases. 

According  to  iuvestigatious  by  Czerny,  Krawkow,  Labarscli,  Davi 
sohn,  Maximow,  Nowak,  Petrone,  and  Schepilewsky  amyloid  may 
produced  esperimeiituUy  in  the  spleen,  liver,  kidnej-s,  and  intestines 
varions  animals,  rabbits,  chickens,  doves,  mice,  and  dogs,  throiipli  tl 


ria.  Ml— !>ecli«ior  an  uoTlold  ktdnej.  (HQller'aflutd,  onmCcBcId,  nu-UijI  ilolet.)  a.  Normal  i» 
IvIooih;  b. Hniylold Turukar loops :  c,  bu; ftlomKnilsr pplihPllDin  :  r,.  faltr  ivpEiuIirvinUifUuui:  «■' 
drops  lytQB  BKHlnsl  the  outer  aurtace  of  the  raplllniT  walls;  (.  (aiiT  ppltielluoi  in  ««u;  /,*sQiiin» 
and taltr iVlUwItum :  II,  byaline  coumila  (cast):  h.  tnnsit-rsaM^ilon  or  arastromposedDl  lai-dP^I*; 
Bin;kild  arMry ;  tr.  amyloid  capillary;  L  cellular InQltnllon  at  Uic ivDDe<ilve  Unue ;  m. roUDd  wm «iU 

production  of  suppurations  lasting  several  weeks.  Amyloid  mav  & 
velop  also  in  horses  that  are  inoculated  with  diphtheria  bacilli.  Suppw 
tive  processes  caused  by  staphylococci  and  oil  of  turpentine  appear 
particular  to  favor  the  formation  of  amyloid.  In  a  nnmber  of  cases  am 
loid  was  also  successfully  produced  through  injections  of  deconii)^^ 
bouillon,  dead  cultures  of  staphylococci,  rennet-feriuent,  andpanciviil 
(Schepilewsky),  when  the  inflammation  produced  by  these  agencies  r 
a  somewhat  chronic  course.  Krawkow  obseried  the  beginning  of  am 
loid  formation  after  tlii'ee  days,  Nowak  after  eight  days. 

'Che  origin  of  Ute  amyloid  mibiitance  has  not  yet  been  definitely  del* 
mined.  The  results  of  experimental  investigation  vary  greatly,  the  (i 
generation  being  often  absent  in  cases  of  chronic  suppuration  (partic 
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larly  in  dogs).  It  is  probable  that  the  blood  brings  to  the  tissues  some 
substance  which  is  changed  into  amyloid  at  the  site  of  deposit.  It  has 
been  many  times  shown  that  as  the  antecedent  of  amyloid  there  is  found 
a  hyaline  fnibntance  in  the  tissues,  w  hich  does  not  give  the  amyloid  reac- 
tions. Similar  observations  have  occasionally  been  made  in  man.  The 
material  from  which  amyloid  arises  is  formed,  perhaps,  by  disintegrating 
pujs-cells  or  tissue-cells  at  the  seat  of  the  primary  disease  and  thence 
entei*s  the  blood-stream. 

According  to  Kraickmc^  tliere  are  found  normally  in  the  wall  of  the  horse's  aorta,  in 
the  ligamentum  nucha;  of  cattle,  in  the  stroma  of  the  spleen  of  calves,  and  in  the  mu- 
cous membrane  of  the  stomach,  combinations  of  chondroitin-sulphuric  acid  which  are 
closely  relat<?d  to  amyloid.  According  to  Nevberg,  amyloid  proper  is  a  basic  albumin  in 
the  process  of  metamorphosis  combined  with  chondroitin-sulphuric  acid.  From  this 
last-named  combination  the  basic  albumin  body  may  be  easily  difTerentiated  chemically. 
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g  63.  The  form  of  amyloid  degeneration  just  considered  is  a  disease, 
wliich  usually  appears  as  a  multiple  affeotion  of  several  orgaos,  or,  if 
confined  (o  a  single  organ,  appeara  as  a  diffnse  change  extending  throngli- 
out  the  whole  organ.  There  is,  however,  a  localized  form  of  amjloiil 
deposit,  appearing  either  as  a  local  amyloid  inJUtration  of  the  tissues  or  in  the 
form  of  free  concretimts. 

The  local  amyldd  infiltrations  occur  in  part  in  very  cellular  graun- 
lations  (conjunctiva)  and  in  tissues  showing  chronic  inflammatory  proc- 
esses; and  in  part  in  scars  and  in  hyperplastic  proliferations  of  coune<- 
tive  tissue.  They  are  also  fonnd  occasionally  in  tumors  in  which  other 
retn^rade  changes  have  begun.  In  certain  cases  only  small  deposits  atv 
found  in  the  affected  tisanes,  usually  in  the  vessel-walls,  lu  other  ca»^ 
lai^r  nodnles  consisting  almost  wholly  of  amyloid  may  be  formed,  and 
these  may  acquire  a  wooden  hardness. 

Here  also  the  amyloid  substance  is  deposited  in  the  groumJ-subiiance  of  li' 
tissue;  butit  has  been  claimed  by  some  authors  (Bahimann)  thatthecell> 
of  the  tissue  may  acquire  a  hyaline  appearance  and  give  the  amyloid 
reactions. 

Such  local  formations  of  amyloid  have  been  found  in  the  inflameU 
conjunctiva,  iu  syphilitic  scars  of  the  liver,  tongue,  and  larv'ux,  iu  in- 
flamed lymph-glands,  in  the  urinary  bladder,  ulcers  of  the  leg,  and  in 
tumors  of  the  larynx  and  stomach.  Tumor-like  nodules  of  amyloid  also 
occur  in  the  conjunctiva,  tongue,  larynx,  lymph-glands,  and  traclini 
under  conditions  in  which  it  is  impossible  to  establish  any  relationsliip 
between  them  and  inflammatory  processes,  and  where  besides  the  hyaline 
masses  there  is  but  little  normal  connective  tissue  present.  Accordiug 
to  Burow,  Manasse,  von  Schrotter,  Zahn,  and  othetv,  such  nodules  may 
arise  also  from  connective-tissue  tumors. 

Fr«e  amyloid  concretions  or  corpora  amylacea  occur  most  frequeutly 
in  the  tissues  of  the  central  nenous  system,  especially  in  the  substantf 
of  the  spinal  cord,  and  in  the  ependyma  of  the  ventricle.     They  ate 
found  also  in  the  prostate.     In  the 
nervous    system    they    appear  as 
small    (Fig.    91,   c),    dull-shinini:, 
mostly  homogeneous  bodies,  more 
rarely  consisting  of  a  nucleus  aivl 
an  outer   shell   (Eedlicfa) ;  in  tbe 
prostate  they  form  larger  (Fig,  91, 
.  a)  bodies  which  nsnally  show  a  di.'^- 

tinct  stratification.     Corpora  amy- 
lacea have  also  been  found  in  car 
-.  cinomata  {Wagner,  Langhans),  ami 

™»  have  been  repeatedly  observed  iu 

^^ -^  ^        the  lung,  where  they  occnr  in  in- 
w "        fiammatory     areas,     hemorrhagic 
^fc    c  extravasations    (6),    and    in   em- 

physema. 

The  local  deposUs  of  amyloid  anil 
t»lc\^iSS^T^rt  ci^™';^i^  the  free  amyloid  concretio7>^  camel  bf 
SZ5S.512  ".T-Slirr  iS'Ci?^  !?1Sio"'?  '■'■^"'■'^  "f  ^^^S  "'holly  of  tt^  *T«f 
conwniuDjiuwiromiiieBpiQaiconi.  X  WO.  nature  OS  the  proffTcsgtve  amyloid  Or- 

generation  of  connective  tissue.  Some 
of  them  indeed  give  characteristic  amyloid  reactions,  and  the  corpora 
amylacea  of  the  nervous  system,  in  particular,  become  blue  or  brownish- 
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violet  when  treated  with  iodine  and  sulphuric  acid.  But,  in  the  case  of 
these  bodies,  we  have  to  do  with  formations  which  are  dependent  easen- 
tially  upon  local  conditions  for  their  origin;  and  which  are  derived  in 
part  from  epithelium,  and  in  part  from  connective-tissue  cells.  They 
are,  therefore,  to  be  regarded  partly  as  modified  epithelial  hyalin  (§  60), 
and  partly  as  modified  connective-tissue  hyalin  (§  65).  The  prostatic 
roncretions  are  formed  through  the  fusion  of  masses  of  degenerating  epi- 
thelial cells  or  of  fragments  of  the  same  (epithelial  colloid,  §  60)  ;  and 
the  similar  bodies  found  in  the  lungs  and  in  tumors  are  composed  essen 
tially  of  the  products  of  disintegrated  cells,  though  in  part  also  of  albu- 
min derived  from  the  blood.  The  corpora  amylacea  of  the  nervous  sys- 
tem arise  probably  from  fragments  of  swollen  axis-cylinders  to  which, 
l>erhaps,  remains  of  the  changed  medullary  sheath  still  cling. 
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XII.  Hyaline   Degeneration  ol  Connective  Tissue  and   the  Hyaline 
Products  of  Connective-tissue  Cells. 

8  64.  rndor  Kie  iR-ad  of  hyaline  degeneration  ol  connective  tiwue 
mav  be  RFOuped  those  fliiiiiges  in  ^hicli  thefbivuj,  grmndmbaantt  of[i,' 
connective  lUgue  of  the  blood-^8sel»  arquiren  a  hyaline  character  irUho«t  g,n»g 
the  meanc  reactions  of  amyloid  (Fig.  92).  The  change  may  mvolve  w- 
inal  connective  tissue  {Fig.  92),  or  that  altered  by  inflammation  as  ^d 
as  the  newly  formed  connective  tissue  of  inflammatory  new-growths  aw 
of  tumore.  It  is  dependent  partly  njion  local  and  partly  tipon  ^x^^vA 
disturbances  of  circulation.  Hyaline  degeneration  is  found  most  oiieu 
in  the  connective  tissue  of  the  thyroid  (Fig.  92,  b) ;  the  valvular  en^- 
cardium;  intimaof  the  arteries;  the  entire  wall  of  the  smaller  ^«sel^ 
particularly  of  the  brain  and  spinal  cord;  the  lymph-glands  (l-lg.  J|.  o- 
ft);  glomeruli  of  the  kidney;  the  connective  tissue  and  bIoo<t-\ esscM- 
connective  tissue  tumors  of  tlie  dura  mater  (psainmoma),  parotid.  aii> 
Mbraasillary  glands  (angiosarcoma) ;  the  connective  tissue  of  corneal 
scars;  the  peripheral  portions  of  tuberculona  nodults;  the  ^"""^■f"^ 
tissue  of  tuberculous  tendon -sheaths  arwl  burs*  mucosie  (Fig.  -IJ,  o). 

Hyaline  degeneration  of  connective  tissue  i>os8esses  no  specific  trtaimug 
reactions,  as  does  amyloid.     Staining  with  Van  Gieson's  (acid  fnchsm 
and  picric  acid)  gi^  cs  to  liyaliu  in  the  great  majority  of  cas»ffl  an  inlH« 
*^  f uehsin  i-ed ;  but  this  if- 

action  is  sometimes  want- 
ing. It  is  probable  Ihai 
ir  the  degeneration  of  vim- 
nective  tissue  known  ■■k 
hyaline  represents  a  i" 
riety  of  di^nerativc  fnn 
b  ditions.  Bymanyiiullu'r^ 
hyaline  coagula  of  e\u 
dates,  occurring  in  Ihi 
tissues,  are  includi^d  ii 
this  group. 

In  many  cases  (Ibitk 
euing  of  the  heart-valv* 
or  of  the  iutima  of  ai 
teries)  the  tissue  api»ea' 
on  microscopical  examii 
ation  to  be  very  tliiL' 
and  dense,  and  from  lb 
—  d._=_w„* — ™"""  ot  uie  coonecUYe  H««ue  ot  «     fact    tlio     condition   b: 

_  _       ijpemiesignated  scterosi 

The  cause  of  the  thickt-i 


coUold:  Ii,hj«11nocimnBcUvB  tissue!  e,  blood-nasel. 


ing  and  hom(^enou8  character  is  not  known.  The  gradual  disappeara 
of  the  nuclei,  the  subsequent  calcificivtion  (see  §  66),  or  softening  evei 
the  point  of  complete  disintegration  (for  example  in  sclerotic  artas  ■ 
the  intima),  the  sequestration  of  the  altered  tissue  from  the  normal  (I 
example,  in  the  degenerated  portions  of  tlie  walls  of  the  bursffi),  all  P«i 
to  the  fact  that  the  process  is  essentially  degenerative  in  character. 

In  other  cases  the  appearance  of  the  hyaline  tissue  I'esembles  cl<»e 
that  of  amyloid  d^eneration,  and  there  is  associated  with  the  hyal' 
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change  a  pronounced  increase  of  Imlfc,  pailicuhirly  so  iii  the  c:i«e  of 
hyalino  dcg^uenifion  of  the  small  vessels  of  the  central  nervous  system, 
p:lompi'uli,    and   tliu 

lyinph-jjlands  (Fig.   91,  — 

'I,  ft),nioi-e  rarely  in  the 
)iv'a1iDo  de(!:eiieratiou  of 
Ihe  connective  tissne  it- 
sflf.    Tbereo<-cur,  niore- 
iivei'.ttiough  very  rarely, 
certain  forms  of  byaliue 
ilegeueration    involving 
sevend  oi^^na,  the  heart 
(Fig.   95,   h,   c),   seroHB 
inend>raneR,      iidestiiial 
wall,  etc.,  vith  the  for- 
mation of  glassy  masses,  rm.  g8.-nT*11iui  dseenemloD  ot  me  Ronntctlva  tl«ue  or  the 
which    in   nart  cive  the      *•"  ■>*  »  [uhereuious  THirm.    (SfBller'i  fluid,  lwni»ioxiiln,  and 
w men   in  part  gi\e  ine      ^^^^    a,  Flhrouacooownivollwue:  t,lij»llne  munecilvollMiie. 
amyloid  reaction,  and  in     x  w. 
])art'  do  not.     In  prolif- 

I'l-Jitions  of  the  conjunctiva  there  have  been  frequently  observed  hyaline 
ilfgtmerations  of  the  reticular  ground-substance  with  nodular  thicken- 
ings of  the  same;  and  these  changes  give  the  luuyloid  I'eaction  only  in 
part.  It  may  therefore  be  assumed  that  there  is  a  form  of  hyaline  de- 
feneration of  the  connective  tissue,  which  is  closely  related  to  amyloid, 
Hiid  may  l>ecome  changed  into  the  latter  (see  §  (>2) ;  and  that  it  arises 


canulne.)    a.  Hyallim  venel  vllbapeu  lump 

rio.  B6.-HnmDe  d.«etiCT«tlon  of  tbe  eonnwllva  Uata> 
mlo".!    a.  MonnalronDertlveUMue:   (i,  h^Llne  conne 

,  of  Ibe  niTtxartEum.    (Alrahol,  bipnwlinylin. 

ol  ooniwl  miucle-cella,  of  atmpliJc  << 

tlirongb  the  deposit  of  a  hyaline  insoluble  albuminous  body  ^vhirh  is 
probably  derived  fi-om  the  blood. 

The  prepftratioQ  sbon'n  in  Fig.  95  wag  taken  from  the  heart  ot  a  woman  of  fltty- 
H^f  years  of  age,  tLe  greater  part  of  the  heart-wall  presenting  a  hyaline  degencratlob. 
Id  biili  endo-  and  pericardium  tlicrc  were  nunierous  hyaline  nodules  and  flattenerl 
Kusses,  The  muscle  tissue  was  in  part  degenerated,  as  shown  in  the  dgure.  Aasoci- 
*ted  with  this  condition  there  was  extensive  degeneration  of  the  blood-vessels,  par- 
Ucularly  of  the  intestines,  tongue,  lungs,  heart,  and  urinary  bladder.  Tlie  peritoneum 
nu  also  thickly  covered  with  hyaline  nodules.  The  fact  that  the  smsll  areas  and  the 
periphery  o(  the  larger  ones  gave  no  iodine- reaction,  while  the  central  portions  of  the 
lu-ger  areas  did  so,  appears  to  point  conclusively  to  a  close  relationsbip  between  iiynline 
licgencrstion  and  nmyloid.     A  similar  cane  lias  been  described  by  Stetnhans. 
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§  65.  Hyaline  products  of  connective-tissue  cells  arise  in  the  fin^t 
place  from  spherical  miE^ses  of  flat  connective-tissue  cells  an^nged  in  «wi- 
ventnc  layers,  which,  in  a  manner  similar  to  the  cornitication  of  epi- 
thelial cells,  become  changed  ioto  a  hyaline  substance  containing  no  nneid 
These  formations  occur  most  frequently  in  the  meninges,  the  choroid 
plexus,  and  tlie  pineal  gland,  artd  in  the  new-growths  arising  in  these  re- 
gions. Through  subsequent  calcification  they  lead  to  the  formation  of 
laminated  concretions  of  calcium  salts  (see  §  66,  Fig.  103). 

Another  kind  of  hyaUti6*fbrmation  probably  owes  its  origin  toasixre 
tory  activity  of  the  connective-tissue  cells.  This  may  he  desiguated 
secretory  connecttve-lissue  hyatin,  but  it  must  be  noted  that  under  this  terni 
there  is  included  a  variety  of  different  formations,  and  that,  as  in  the 
production  of  colloid,  the  cells  as  a  whole  may  be  converted  into  li$f(Avie 
products. 

Further  belong  here  certain  granules  and  spherules  of  hyaline  ap- 
X>earance  which  stain  especially  intensely  with  f  uchsin,  though  stainifl^' 
also  with  methyl  violet,  gentian  violet,  etc. ;  and  which  are  known  a> 
fitchsinophile  bodies.  They  ai-e  also  often  called  Russel's  bodies  from  the 
fact  that  they  were  described  closely  by  Russel,  who  regarded  them  ai^ 
parasitic  fission-fungi. 

Fuchsinophile  bodies  are  found  both  in  normal  and  in  slightly  altered  tisue.* 
(adrenals,  various  mucous  membranes — as  that  of  the  stomach — in  the  brain,  spieeo- 
and  lymphadenoid  tissues),  also  in  inflamed  tissues  (particularly  the  mucous  fo^f^ 
branes,  for  example,  of  the  stomach), inflammatory  new-growths  (polypi  of  thestomafi^ 
and  in  connective-tissue  tumors.  They  are  partly  intracellular,  sometimes  ^^^. 
numbers,  and  partly  extracellular.  They  are  to  be  regarded  as  cell-products,  probab } 
of  the  nature  of  a  cell-secretion,  or  formed  as  the  result  of  the  disintegration  of  tbeooiN 
Of  their  genesis  and  their  composition  notbdng  definitely  is  known;  it  is  possible  tlai 


A^ 


CONNECTIVE-TISSUE   HYALIN.  225 

they  have  a  close  relationship  with  the  mast-cells.  Those  occurring  in  the  brain  and 
spinal  cord  are  generally  classed  with  the  corpora  amylacea  (§  63),  even  when  they 
give  no  specific  iodine  reaction. 

Finally,  there  should  be  considered  in  this  connection  the  larger  hyaline  sphendes 
and  casta  of  ivbes  (changed  blood-vessels)  resembling  epithelial  colloid,  which  are  not 
infrequently  seen  in  sarcomata  (see  Endothelioma  and  Angiosarcoma),  inasmuch  as 
these  formations  are  also  to  be  regarded  as  products  either  of  a  secretory  or  of  a 
degenerative  process  on  the  part  ofcells. 

The  significance  of  the  granules  of  eosinophile  and  mast-cells,  as  well  as  the  neu- 
trophile  granules  of  the  leucocytes  (which  stain  with  a  neutral  dye  obtained  through  a 
mixture  of  acid  fuchsin  and  basic  methyl  green),  cannot  be  positively  stated  at  the 
present  time.  Ehrlichy  Heidenhain,  and  Lowit  regard  the  granules  of  the  leucocytes 
as  secretory  products  of  a  specific  metabolism  of  the  cells  in  which  they  are  found,  so 
that  these  cells  may  be  looked  upon  as  unicellular  glands.  On  the  other  hand,  Weiden- 
Teich  regards  the  eosinophile  cells  as  lymphocytes  that  have  taken  up  the  fragments  cf 
disintegrated  red  blood-cells,  their  nuclei  in  this  process  assuming  the  polymorphous 
form. 

Arnold  regards  the  cell-granules  which  may  be  demonstrated  by  means  of  especial 
stains  in  leucocytes,  pus-corpuscles,  bone-marrow  cells,  and  also  in  other  cells,  not  as 
granules  of  secretion,  but  r>s  representing  changed  structural  elements  of  the  cell  aris- 
ing out  of  a  metamorphosis  of  the  plasmosomes — that  is,  the  microsomes  of  the  cell- 
cytoplasm  (see  §  80) .  Acidophile  cells  may  be  transformed  into  basophile,  or  the  reverse 
may  occur;  these  phenomena  are  to  be  regarded  as  the  expression  of  different  stages 
of  development  with  changes  in  the  physico-chemical  properties.  Hesse  has  expressed 
a  similar  opinion. 

The  formations  described  in  §§  64  and  65  as  eonneeiive4is9ue  hyalin  are  undoubtedly 
pathological  products,  which  differ  from  each  other  in  so  far  as  their  mode  of  origin  and 
their  chemical  composition  are  concerned.  Since  we  do  not  yet  know  the  nature  of  the 
processes  leading  to  these  hyaline  formations,  there  is  nothing  to  do  but  to  group  them 
according  to  definite  points  of  view. 

Von  Recklinghausen  gives  to  the  term  hyalin  a  much  more  comprehensive  meaning 
than  I  do.  He  includes  under  the  head  of  hyaline  degeneration  different  pathological 
clianges  which  I  have  plac^  under  other  heads.  He  defines  hyalin  as  an  albuminous 
body  which  stains  intensely  with  eosin,  carmine,  picrocarmine,  and  acid  fuchsin;  is 
homogeneous  and  strongly  refractive ;  is  but  slightly  changed  by  acids ;  and  in  its  re- 
^stance  to  alcohol,  water,  ammonia,  and  acids  resembles  amyloid,  but  does  not  ^ivc  the 
iodine  reaction.  As  hyalin  he  includes  epithelial  colloid  and  the  hyaline  products  of 
connective  tissue  cells,  as  well  as  hyaline  degeneration  of  the  ground  substance  of  the 
connective  tissue,  also  hyaline  thrombi,  and  the  hyaline  coagula  of  inflammatory  exu- 
dates, and  hyaline  tissue-necroses.  Acoorduig  to  this  author,  all  of  these  formationa 
result  from  the  fusion  of  the  elements  of  neighboring  cells. 

From  their  external  appearance,  all  of  these  products  may  be  properly  designated 
hyalxn;  but  the  following  varieties  must  be  recognized  :  epithelial  hyalin  (colloid,  kera- 
tohyaUn),  connective-tissue  hyalin  (hyaline  degeneration  of  the  groimd-substance  of 
connective-tissue,  h3raline  products  of  cells,  and  cells  which  have  become  hyaline), 
hlood-hjtdlin  (hyaline  thrombi),  exudative  hyalin  (hjraline  coagula  of  exudates  on  mu- 
cous membranes,  serous  surfaces,  inflamed  connective  tissue,  in  the  urinary  tubules, 
tubercles,  etc.),  and  hyaline  tissue-necroses.  In  the  case  of  connective- tissue  hvalin  a 
distinction  must  be  made  between  the  hyalin  formed  as  a  secretion  in  the  cells  (closely 
related  to  epithelial  colloid,  in  its  mode  of  origin),  and  hyaline  degeneration  of  the 
ground-substance  of  connective  tissue. 
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XIII.  Petrifaction  of  the  Tissues  and  the  Formation  of  Concretions 

and  Calculi. 

§  6&  It  is,  on  the  whole,  of  rather  frequent  occurrence  for  firm  crys- 
talline, or  amorphous,  granular  masses  to  be  deposited  in  various  part*^ 
of  the  body-tissues;  and  when  such  deposits  are  of  such  extent  a^to 
cause  hardening  of  the  affected  tissue,  the  resulting  condition  is  known 
as  petrifaction,  or  when  tiie  deposit  consists  of  lime-salts  (particularly 
phosphates)  as  calcification. 

The  deposit  may  occur,  in  the  first  place,  in  a  tissue  which  forms  an 
integral  element  of  an  organ,  and  which  bears  its  normal  relation  to  the 
surrounding  tissues.  In  other  cases  it  takes  place  in  portions  of  tissue 
which  have  been  loosened  from  their  surroundings;  or  insoluble  sub- 
stances which  have  become  changed  into  a  firm  state ;  or,  finally,  in 
foreign  bodies  which  have  entered  the  body  from  without,  and  form  the 
centres  of  a  process  of  incrustation. 

In  the  first  case  there  arise  petrifactions  of  the  tissues  ;  in  the  sec- 
ond, free  concretions  and  calculi.  It  is  to  be  noted,  however,  that  un- 
der certain  conditions  free  concretions  may  become  firmly  attached  to 
the  tissues  of  the  organ  in  which  they  lie,  by  means  of  tissue-prolifera- 
tions extending  into  or  surrounding  them.  On  the  other  hand,  a  calci- 
fied portion  of  tissue  may  in  the  course  of  timegi'adually  become  loosened 
from  its  surroundings  and  ultimately  form  a  free  concretion. 

A  deposit  of  lime  salts  occui-s  in  the  form  of  very  fine  colorless  gran- 
nies (Fig.  96)  which  when  treated  with  silver  (von  Kossa)  take  on  » 
black  color  (formation   of  silver  phosphate)   (see  Figs.  97,  6,  99,  an* 
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100,  B,  b).      When  lying  closely  crowded  together  they  become  eon- 
fliient,  and  thus  give  rise  to  the  formatiou  of  chalky  foci  (Fig.  97,  b) 
that  are  usually  not  sharply  circumscribed,  but  may  form  also  circum- 
scribed spherical  concretions  (Fig.  98).      lu 
the  blood-vessels  the  calcification  may  begin   ; 
either  in  the  connective  tissue,  muscle-fibres,    i 
or  In  the  eUistic  tissue.  i 

The  cau»e  of  iiasue-petnfacliwi  is  to  be  found  i 
chieHy  in  local  tisaue-chan^ea,  in  that  the  deposit  -^ 

of  iime-salts  usually  oci^urs  in  places  where  ,,„.  g..^  ,,^nmion  <.t  .he  m«ii. 
the  tissue  has  already  died  or  is  m  process  of  uribeuru.   x  wo. 

degeneration  and  necrobiosis.     For  example, 

lime  salts  may  be  deposited  in  pulmonary  infarcts  (Fig.  99),  thrombi, 
in  necrotic  foci  arising  during  the  course  of  inflammations,  also  in 
dead  cells,  particularly  renal  epithelium  (Fig,  101,  d,  e'j,  and  liver- 
cells  (von  Kossa)  that  have  been  killed  as  the  result  of  intoxications 
(mercuric  chloride,  lead,  aloin,  bismuth,  copper  salts,  iodine,  and  iodo- 
form). A  very  frequent  autecedeut  to  the  deposit  of  lime-salts  is  the 
occurrence  of  hyaline  degeneration  of  connective  tissue,  often  associated 
with  a  deposit  of  fat.  This  occurs,  for  example,  in  the  thickened  intima 
of  the  blood-vessels  and  heart-valves,  in  the  media  of  the  medium-sized 
arteries,  particularly  in  the  extremities,  iu  inflammatory  new-formations 
of  connective  tissue  (for  example,  in  the  serous  membranes),  in  the  con- 
nective tissue  of  the  kidney  pyramids  of  old  people  (Fig.  100,  A,  B), 


Tia.  B7.— Calciflcj 


and  in  degenerated  thyroid  glands.  In  dying  adipose  tissue  (fat  necrosis 
ill  the  neighborhood  of  the  pancreas)  chalky  soap  may  be  formed. 

The  hyaline  character  of  the  degenerated  connective  tissue  shows  well 
both  in  staining  with  Van  Gieson's  and  with  simple  hfematoxylin.  In 
the  ease  of  the  latter  stain  the  calcified  connective  tissue  (with  the  excep- 
tion of  that  fully  calcified)  becomes  a  diffuse  dark  blue  color  (Fig.  100,  A, 
P)-  The  same  staining  reaction  occurs  also  in  the  case  of  calcified  nec- 
rotic cells  (Fig.  101,  d,  <■).  This  reaction  holds  good  only  for  the 
deposit  of  carbonates  and  phosphates,  but  not  for  the  oxalates  of  lime. 

In  rare  cases  there  may  occur  a  deposit  of  lime-salts  in  organs  which 
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show  but  slight  changes — for  example,  in  the  longs.  Sinoe  iu  part  o( 
such  cases  there  is  foaiid  at  the  same  time  a  more  rapid  absorption  <A 
the  skeleton  (seuile  atrophy  of  the  bones,  destruction  of  the  boues  bj 
tumors),  this  deposit  is  regarded  as  metastatic  in  nature,  dne  to  the  orer 
loadii^  of  the  blood  with  lime-salts.  Even  nnder  these  circumstance 
the  immediate  cause  of  the  calcification  is  local,  and  is  dependent  npoi 


i-etrogressive  changes— in  the  lung  tissue  (senile  atrophy,  obliteration  o 
Teasels,  venous  congestion) ;  and  the  increased  absorption  of  the  skeletoi 
is  but  a  favoring  factor.  According  to  investigations  of  Kockel  ant 
Kischensky  the  elastic  lamelite  of  the  small  and  medium-sized  vessels  ii 
particnlar  become  calcified,  but  the  elastic  fibres  and  capillaries  of  thi 
alveolar  septa  are  also  involved. 

The  calcification  may  affect  either  small  or  large  areas,  and  in  tbi 
latter  case  causes  a  hardening  and  white  coloration  of  the  tissues.  Oe 
casionally  it  appears  in  the  form  of  sharply  circumscribed  spherical,  o: 


luiw  In  the  pFripbery  of   a   h»marrhaelc   intucl  rti 
rniaun,  illvei  tr»tment.)     x  100. 

nodular  (Figs.  102  and  10.3,  a,  b,  c),  or  long  spicnle-liko  formation 
(Fig.  103,  d),  or  as  cactus-like  formations,  and  there  arise  in  fionseqaeno 
concretions  lying  wittila  the  tissue  that  occasionally  may  be  recognize< 
even  with  the  naked  eye.  Under  physiological  conditions  such  concre 
tions  are  found  in  the  form  of  laminated  chalky  spherules  in  the  pinea 
gland  aad  the  choroid  plexus,   forming  here  the  so-called  brain-san< 
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(acervnlns  cerebri).  As  patholt^cal  formations  tliey  occur  in  different 
regions  of  the  outer  and  iuuer  meninges;  in  many  tnmors  of  the  same 
(psammoma  or  sand  tumors,  Fig.  102),  also  in  caseous  masses  (Fig.  102, 
b)  or  in  indurated  connective  tissne  (Fig.  102,  a).     The  origin  of  these 


tubuiea:  b,  blood-vtBi 


[on  of  the  com 

ve  tissue   of   the   kldnry 

B,  Tr«led  «il 

ver  nitrate,     a.  CollecllnK 

'  hyaline  degenei 

■alio. 

nandCBlclficillon.     X  300. 

formations  may  be  best  studied  in  the  psammomata  and  is  ordinarily  to 
be  referred  to  a  transformation  of  tissue  cells  (Fig.  103,  a,  b,  c),  or  of 
fibrous  connective  tissne  (d)  into  a  hyaline  mass  that  may  at  first  etill 
contain  nuclei  fa),  and  later  loses  them  (6,  e),  and  then  takes  np  lime- 
salts.     Spherical    concretions    arise 
chiefly  from  hyaline  masses  formed 
from  cells  («,  ft,  c) ;  and  spicules  (d) 
arise  through   the    calcification    of 
hyaliue  connective  tissue,  but  spher- 
ical concretions  (e)  may  arise  also  in 
hyaline  connective  tissue.     The  con- 
nective tissue  which  undei^oes  de- 
generation and  calcification  is  usually 
ordinary  connective  tissue,  but  cal- 
careous spicules  aud  round  concre- 
tions may  develop  also  in  degener- 
ated vessel-walls. 

A  true  formation  of  bone  or 
ossification  may  follow  the  calcifica- 
tion of  a  tissue,  either  as  the  resnlt 
of  a  new  tissue- formation,  or  of  a 
metaplastic  deivbrpment  of  osneoua 
tmiie.  This  has  been  observed  most 
frequently  in  the  media  of  calci- 
fied blood-vessels  of  the  extremities, 
but  it  may  occur  also  in  calcified 

lymph -glands,  in   the  neighborhood      ?''r'^'?  ""y*  aiiV  ihe  puiwJi 
of  calcified   necrotic    areas  in    the 
lungs,  and  in  thickened  serous  mem- 
braucH,  etc. 
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According  to  the  ioTestigations  of  Gierke,  calcifying  tissues  (fcetal  bones,  tbe 
enamel  anlage  of  the  dentine,  sand  bodies  of  the  choroid  plexus,  placental  calcificattoos, 
cal(;ified  ^nglion-cells)  contain  more  or  less  iron,  and  there  occur  also  iron-connuning 
cell -necroses  (epithelial  casts  in  sublimate  poisoning)  which  stain  like  calcified  tissue, 


FlQ.  lUBS. 
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no.  IdS^-Calcareoiu  concretions,    a.  Concretions  from  an  inflamed  omentum ;  b.  calcareous  mssses 
from  a  tuberculous  lymph-gland  whlcb  had  undergone  caseation,    x  20Q. 

Vio.  1001. —Section  from  a  psammoma  of  the  dura  mater,  with  concretions.  (Alcohol,  picric  add. 
hematoxylin,  eosin.)  a.  Hyaline  nucleated  spherule  with  enclosed  calcareous  granule :  b.  calcareoia  eoo- 
cTPtion  with  hyaline  non-nucleated  capsule,  embedded  In  fibrous  connective  tissue ;  c ,  calcareous  coDrn>- 
tion  surrounded  by  hyaline  connective  tissue ;  d,  calcareous  spicule  in  connective  tissue;  r,  etkamius 
spicule  containing  three  separate  concreCiona<  embedded  in  the  connective  tissue.    X  173. 

but  are  not  calcified.  In  other  cases  (fully  developed  bone  in  extrauterine  life,  calci- 
tied  thrombi  and  calcified  vessels)  iron  is  not  present. 

Klotz  {Jour,  of  Exper.  Med.,  1905,  1906)  suggests  that  the  formation  of  calcium 
soflps  is  the  first  step  in  the  formation  of  pathological  masses  of  calcification,  these 
soaps  later  undergoing  a  transformation  into  the  less  soluble  phosphate  and  carbonate. 

WelU  {Jour,  of  Erper,  Med.,  1905)  found  but  minute  traces  of  calcium  soaps  in 
calcifying  matter.  It  Is,  therefore,  probable  that  calcium-soap  foi-mation  may  be  an 
important  step  in  the  process  of  pathological  calcification,  but  is  not  an  essential  one. 
The  especial  affinity  of  calcium  for  cartilage,  hyaline  connective  tissue,  etc.,  canDot  at 
present  be  explained. 
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§  67.  The  more  common  petrifactions  consist  of  deposits  of  phosphate 
of  lime,  sometimes  of  carbonate;  with  these  some  magnesium  salts  may 
be  mixed.  Under  especial  conditions  there  occur  also  deposits  of  urlc- 
acld  salts ;  par- 
ticularly in  the 
disease  knovn  as 
gout,  which  is  a 
cbroiiic  disturb- 
ance of  the  gen- 
eral nntritiOQ 
characterized  by 
a  uric-acid  diathe- 
xiM  leading  to  a 
deposit  of  nrio 
acid  in  the  tis- 
sues. 

Gout  is  usually 
inherited,  and  bnt 
rarely  acquired ; 
it  occurs  most  fre- 
quently in  certain  Yio.  IW.— Depimtt  of  uratet  Id  tHe  fcnw-lolnt.  In 
regions,    as,    for  ^.  *^ 

example,  iu  Eog- 

land  and  in  North  Germany ;  and  is  very  rare  in  other  conntries,  as  iu 
South  Germany.     Of  the  ultimate  cause  of  the  disease  we  have  as  yet  no 
positive  knowledge.     It  is  characterized  chiefly  by  the  deposit  in  the 
body  of  nric-acid  salts,  chiefly  sodium  urate,  with  which  small  quanti- 
ties of  carbonate  and  phosphate 
of  lime  are  sometimes  associated 
(Fig.  104,  b).     The  deposit  of 
these  salts  takes  place  usually 
during  acute,  typical  paroxysms 
characterized   by  pain  and  in- 
flammation, bnt  very  great  de- 
partures from  a  typical  course 
may   occur.     The    deposits  are 
found    in    the    kidneys,     skin, 
Jll'n^i.-;E^£Sii.^r?SS''ufi^7fl^"^^       subciitaueous    tissue,    tendon 
X  iHO-  sheaths,      tendons,      ligaments. 
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bursEB,  aud  articular  cartilages  (Fig.  104),  but  may  finally  be  present  in 
almost  all  tlie  org-.itis.  The  metatarsopbalaogeal  joint  of  the  great  t«e 
is  a  favorite  site  of  deposit,  and  often  the  first  part  affected.  The  tie- 
posits  consist  essentially  of  clusters  of  fine  slender  needles  {Fig.  105),  ia 
whose  neighborhood  the  tissues  are  degenerated  or  necrotic;  aud  from 
this  it  miiy  t>e  assumed  that  the  urates  entering  the  tissues  in  solution 
give  rise  to  the  necrotic  changes  in  the  latter. 

The  areas  of  necrosis  and  incrustation  are  at  first  of  small  sw,  bat 
occasion  inflnnimation  and  tissae-proliferatious  in  their  ueiglitwrbood. 
Later,  with  the  occurrence  of 
other  paroxysms  the  deposits 
become  larger,  so  that  large 
noduiea  (Ihe  so-called  t<^lii) 
are  formed.  These  consist  of 
«'hite,  plaster-like  masses,  and 
under  certain  conditions  may 
form  marked  nodular  thick- 
enings in  the  joints  and  ten- 
dons (Fig.  106). 

In  the  joints  the  articular 
cartilages  at  lii-st  appear  as 
If  sprinkled  over  with  plaster- 
of  Paris  (Fig.  104, 6),  but  later 
the  white  masses  peuetrate 
deeper  and  may  permeate  the 
entire  articular  cartilage.  In 
the  kidneys  the  tissue  necrosis 
caused  by  the  uric  acid,  and 
the  resulting  inflammation 
may  lead  to  contraction  and 
induration  of  the  organ.  The 
deposit  affects  chiefly  the 
medullary  pyramids,  but  JS 
found  also  in  the  cortex. 

According  to  Garrod  and 
Ebsteiu  the  acute  paroxysms 
in  gout  depend  upon  an  ex- 
cessive accumulation  of  uric 
acid,  either  as  the  result  of 
deficient  excretion  by  the  kid- 
neys (Garrod)  or  of  local 
changes  (Ebstein).  Accord- 
ing to  Pfeiffer  the  gouty  pre- 
disposition is  due  eissentially 

to  the  fact  that  the  uric  acid  *'"'■  it«--G«i<i  nwies  of  tiie  bum.  utiw  LMKerrauj  i 
in  the  body-fluids  is  produced 

in  a  form  which  is  soluble  with  difficulty,  and  tends  to  be  deposits  in 
tlie  tissues  where  it  may  collect  in  such  quantity  as  to  cause  a  localize 
necrosis.  The  symptoms  of  the  gouty  pai-oxysm  are  supposed  to  dcpeu*! 
opou  an  increased  alkalinity  of  the  body-fluids  caused  by  especial  coii- 
ditions,  as  a  result  of  which  there  follows  a  partial  solution  of  the  lic- 
posited  uric  acid,  in  the  course  of  which  process  attacks  of  pain  aui 
symptoms  of  inflammation  are  prodnccd.  On  the  other  band,  von 
Koordeii  reganls  the  fonnnliou  and  deposit  of  nric  acid  as  a  secondarv 
process,  due  to  the  local  action  of  a  special  ferment,  and  quite  iii*lt- 
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pendent  of  the  amount  and  coudition  of  the  uric  acid  in  other  parts  of 
the  body. 
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g  68.  Free  concretions  are  formed  in  the  first  place  in  the  various 
<lnctH  and  cavities  of  the  body  which  are  lined  by  epithelium,  as  in  the 
intestinett,  in  the  ducts  of  the  glands  pouring  their  secretions  into  the  in- 
testine, in  the  gall-bladder,  urinary  passages,  and  respiratoi-y  tract.     In 
a  certain  sense  the  concretions  formed  in  the  blood-vessels  and  serous 
cavities  might  also  t>c  included  in 
this  group,  although  they  are  for 
the  greater  part  firmly  united  to 
the  surrounding  tissues. 

All  free  coacretiona  possess  an 
organic  base  w  nitcleus.  Thus  fn- 
terolUks  which  form  in  the  intes- 
tines have  a  nucleus  of  inspissated 
fffices,  or  foreign  bodies  which 
have  been  swallowed,  such  as  hairs 
(beeoar  atones  or  wgagrf^itcB'),  or 
indigestible  portions  of  vegetable 

-,,,„.,,  ^    ,        . .^       ,.„....        food,    etc.,    in   and  about  which 

NUorai  ><ze.  phosphates    (ammonium  -  magne- 

sium phosphate  and  calcium  phos- 
I'bale),  and  carbonates  are  deposited  in  varying  proportions  according 
to  Ihe  nature  of  the  ftiod  ingested.  In  the  mouth-cavity  incrustations  of 
the  teeth,  known  as  dental  ca'euli  or  tartar,  are  formed  by  the  deposit  of 
lime-Halts  in  masses  consisting  of  mucus,  cell-detritus,  and  bacteria.  In 
liip  Name  way  there  are  formed  in  the  duds  of  the  salivary  glands  andpan- 
Teiu  oval  or  spherical  faceted,  or  irregularly  nodular,  glandiform  concre- 
I'lm,  through  the  calcareous  impregnation  of  a  substance  derived  from 
the  epithelium  of  the  gland. 
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Bronchial  calculi  are  formed  by  the  calcificatiou  of  thickened  bronchial 
secretion ;  the  ^mea  found  in  r«n«  and  arteriet  (phleboliths  and  arterio- 
litfis)  from  the  calcilication  of  thromlii ;  profiUUic  caicuJi  through  the  cal- 
cification of  the  so-called  amyloid  couci-etions;  nacel  doneti  through  Ib^ 
retention    and    incrustation 
of  desquamated  epithelium, 
hairs,  and  other  substances 
which  may  enter  the  iwvel- 
depression. 

The  bUiary  calculi  and 
gall-stoneii  found  in  the  bile 
passages  and  gall-bladder  are 
in  part  small  granules,  and 
partly  larger  spherical,  oval, 
or  faceted  stones  (Pig.  107), 
which  on  fracture  appear 
to  consist  purely  of  crystal- 
line masses.  By  the  em- 
ployment of  proper  methods 
it  may  be  showu  that  these 

stones  also  possess  a  nitro-     „„.  ,os._8«y„„  u-ough  .  .d,.ii  cboiB*«in  «o»  ^ 
genons  ground -snbstance.  nmoni  of  uw  cbaJoierin.   x  la 

According  to  their  essen- 
tial composition  gall-stones  may  be  classed  as  cholesterin,  cholesterin- 
pigment,  bilirubin,  biliverdin-calcium,  and  calcium  carbonate  stones. 
The  first  two  varieties  are  the  most  common ;  they  present  a  rayed,  crys- 
talline, often  laminated  fracture ;  and  vary  in  color  and  in  their  mottling 
according  to  the  amonnt  of  bile-pigment  present.  When  no  pigment  is 
present  they  may  be  color- 
■«>■    •       ^»  *.  '^'^  *"^  translucent, 

••' aTlj*  '  iJw^s»^,**V-"  <i  '  If  the  cholesterin  be  dis- 
SlSJ^-'vL  ""  ^^  ^^\''  ^"S  solved  out  of  a  cholesterin 
"VT     "^^.A        *^\irf#^         **°"*    '^y     ^"^    suitable 


'tr 


PS" 


that  tlie  form  of  the  s 


„  V»  ivft  "  ***''^^^'  tf*\  Q  lapreserved,  andadelicatt, 

%"      *'     JysSs'^'^*  *^t  f     AA  forthegreaterpartyelloff' 

^^      t    .«/C^^V^  fy     ^'  ish,   m^  t^mf^s.     This, 

Lk,  v^5  /""c-N,^'  when  carefully  emboddd 

CJ  **%»    /        "  ®J  **i<i    •^"t    into  sections,  i; 

1^  Su'l  '  a  found  under  the  microscnpt 

^  fc  J? "'  w  ^  ***  consist  of  a  delicate,  liO' 

"  2l  •  ^/  ^  r*  mogeneous  substance  {Fig. 

^1^  ^"q  >■''*,  108)which  shows  concentric 

V-  '  ^.  j^'  stratification  and  radiating 

"  v>**i^ — /  »_  clefts  or  spaces  which  wen 

Tra.i(«.-rri.w.ri.uiit«rt->(Lhenew-i»ni.  (Aipoboi.  harmt  formerly   occupied  by  IlK 

toiylln.  Drawn  from  ttprepannioo  tt\Uhta  been  wmIihI  In  crv.ltallinp  mn$«PS.  \  liin 
WB14T-1  Tn.n»verw»«'Unnl(irouKhttepvrainldo(lbe»Wne5.  ^rji>t'""""e  maS^eS.  ,VM1U 
a,  Traraveree  HWlliin  at  unchsnitrtl  coltwtlrut  lubule  fmiii  Ibfl       liar  grOUnU-SUbstaUCe  niaV 

S^'l"«^;  c.™;;!:fnrot'^li?.^™%"fl!^^^  be  demonstrated   in  olhei 

^  ^"*''  calculi    after    solution   of 

their  calcinm  salts. 
There  can,  therefore,  be  no  doubt  that  gall-stones  are  also  the  result 
of  the  incrustation  of  an  organic  snbstratnm,  which  is  in  all  probabilitv 
derived  from  the  mucous  membrane  of  the  bUiary  passages  and  the  gall- 
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bladder.  Oall-stones  occur  especially  in  advanced  years;  stagnation  of 
the  bile  favors  their  formation,  luflammattons  of  the  mucouK  membraues 
of  the  bile-passages  (aiigiocholitis)  lead  to  desquamation  and  destruction 
of  tbe  epitbeliuiu  (eventually  also  tu  escape  of  leucocytes),  and  in  the 
prodacts  derived  from  these  pathological  changes  bilirnbiu  and  choles- 
terin  are  deposited.  When  ouce  a  concretion  is  formed  it  increases  in 
size  through  the  deposit  of  new  products  of  cell -disintegration  which  be- 
rome  encrusted  vith  cholesterin,  pigment,  and  calcium.  According  to 
Xitunyn  the  originally  soft  nucleus  of  the  concretion  uudergoe.<>  a  change, 
in  that  it  separates  into  fluid,  and  into  firm,  granular  masses  of  pigment- 
laleiiim  and  crystals  of  cholesterin  which  are  deposited  upon  the  outer 
crust,  so  that  the  stones  may  at  times  contain  a  cavity  filled  with  tbe  fluid. 
In  tbe  course  of  time  this  cavity  may  again  be  filled  with  cholesterin; 
and  also  the  pigment  and  calcium  iu  the  remaining  portions  of  the  stone 


no.  III.  no.  IU. 

jn.  110.— Com^twped  nooe  Irom  tba  btadder    cnmpOMd  o[  oaJdum  oiakte  and  pbriapbaU.    NMural 
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may  be  gradually  replaced  by  cholesterin.  Further,  calcium  carbonate 
may  also  be  deposited. 

The  cholesterin  masses  from  which  the  concretions  are  formed  are 
derived  chiefly  from  tbe  disintegration  of  epithelial  cells:  likewise,  the 
lime-salts  combining  with  bilirubin  are  also  furnished  by  the  mucous 
membrane. 

The  vrinary  ealcuK,  gravel,  and  sloties  are  also  composed  of  an 
oi^anic  ground -substance,  an  albuminous  stroma,  iu  which  the  various 
constituents  of  the  urine  may  become  deposited.  According  to  location 
we  may  distinguish  calculi  of  the  kidney  and  those  of  the  descending 
urinary  passages.  Iu  the  kidneys  the  deposits  may  form  only  small 
gmnnlcs  lying  in  the  tissue  itself,  or  in  part  also  free  iu  the  lumen  of 
the  uriuary  tubules,  in  the  latter  place  lying  iu  the  products  derived 
from  the  disintegration  of  necrotic  epithelial  cells,  Tliis  is  true  in  the 
first  place  of  the  calcifications  which,  as  mentioned  above,  occur  in  the 
necrosed  renal  epithelium  after  poisoning  with  corrosive  sublimate,  bis- 
muth, aloiii,  copper-salts,  iodine,  phosphorus,  potassium  chromate,  and 
oxalic  acid.  The  same  thing  is  true  of  some  of  the  gouty  deposits. 
Fiually,  belongs  here  the  so-called  uric-acid  infarct  of  the  new-bom,  a  con- 
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ditiou  clianu*.terized  by  the  appearance  of  yellowiah-red  stripes  in  the 
medullary  pyramids.     The  condition  is  not  infrequently  seen  in  children 
dying  during  the  first  five  weeks  after  birth.     The  epithelium  of  the 
tubules  is  usually  well  preserved,  but  in  places  desquamation  and  disin- 
tegration of  single  cells  may  be  found.     The  lumina  of  the  tubules  are 
filled  with  very  small,  colorless  or  yellow  granules  of  urates  or  uric  acid, 
which  at  times  show  fine  radiating  lines  (Fig.  109,  b).     On  solution  of 
these  granules  a  delicate  stroma  remains  (e).     If  as  the  result  of  the 
presence  of  the  infarct  further  changes  in  the  epithelium  of  the  tubules 
are  produced,  leading  to  the  formation  of  albumi- 
nous material  in  the  tubules,  single  granules  may^ 
under  certain  conditions  develop  through  accretion 
into  large  stones,  but  this  occurrence  is  rai'e. 

In  the  pelvis  of  the  kidney,  ureters,  urinary 
bladder,  urethra,  and  under  the  prepuce  concre- 
tions may  be  formed,  either  as  pand,  gravel,  or 
stones.  The  last-named  are  oval  or  spherical,  and 
may  be  smooth  or  rough  and  nodular,  not  infre- 
quently resembling  a  mulberry  or  mass  of  coral 
(Figs.  110  and  111).  When  several  stones  lie  close- 
ly together,  their  surfaces  may  become  faceted 
(Fig.  111).  Those  found  in  the  kidney  pelvis 
may  form  casts  of  the  cavity  and  of  the  calyces. 

When  examined  in  section,  urinary  calculi  are 
sometimes  homogeneous,  at  other  times  distinctly 
stratified  (Fig.  Ill)  or  show  radiating  lines.  INot 
infrequently  there  may  be  seen  a  nucleus  and 
several  zones  of  different  appearances.  The  crys- 
talline masses  lie  partly  in  the  spaces  of  the 
stroma,  and  partly  in  the  latter  itself;  and  it  may, 
therefore,  be  assumed  that  the  stroma  is  a  product 
of  the  mucosa  of  the  urinary  passages,  and  that 
its  formation  follows  catarrhal  inflammations  or 
toxic  necroses  of  epithelium  when  these  lead  to  the 
collection  of  mucus  or  cell-detritus  in  the  tubules. 

What  substances  are  deposited  in  a  given  case 
in  the  products  of  the  mucous  membrane  depends 
upon  the  existing  conditions.  When  the  condi- 
tions favoring  stone-formation  are  associated  with 
a  uric-acid  diathesis,  or  if  the  excretion  of  uric- 
acid  salts  by  causing  tissue-necrosis  has  at  the 
same  time  produced  the  conditions  favoring  the 
development  of  concretions,  the  deposits  in  the 
organic  ground-substance  will  consist  chiefly  of 
urates.  Decomposition  of  the  urine  with  forma- 
tion of  ammonium-magnesium  phosphates  leads  to  the  production  of 
calculi  consisting  chiefly  of  this  substance.  Cystin  calculi  may  be 
formed  when  cystin  is  excreted  by  the  kidneys,  as  the  result  of  pe- 
culiar metamorphoses  of  albumin  in  the  intestine,  due  to  the  action  of 
bacteria  (Baumann,  von  Udninsky,  Brieger).  When  once  a  stone  is 
formed,  the  irritation  which  it  causes  upon  that  portion  of  the  muooius 
membrane  with  which  it  comes  in  contact,  as  well  as  the  decomposition 
of  the  retained  urine,  favors  its  further  growth  by  accretion.  Likewise, 
foreign  bodies  (Fig.  112),  which  have  in  any  way  entered  the  bhidder 
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from  without,  may  lead  to  the  formation  of  calculi,  throngh  the  irritation 
which  they  excite  in  the  mucous  membrane  of  the  bladder. 

Intestinal  calculi  are  much  more  common  in  liorses  and  cattle  than  in  man ;  since 
undigested  vegetable  material  and  hairs  which  have  been  licked  off  are  of  frequent  oc- 
currence in  the  intestinal  canals  of  these  animals  and  form  the  starting-point  of  such 
concretions.  The  true  stones,  which  occur  especially  in  horses,  are  rather  hard  masses 
consisting  chiefly  of  magnesium  phosphate ;  the  false  stones  consist  of  hairs  and  vege- 
table iibres  which  are  more  or  less  encrusted.  Occasionally  balls  are  found  which  con- 
sist almost  wholly  of  hair  {agagropili  or  besoar  stones).  In  ruminating  animals  they  are 
found  chiefly  in  the  rumen  or  reticulum ;  in  hogs,  more  frequently  in  the  small  intestine. 

According  to  Sehuberg,  the  enteroliths  of  herbivorous  animals  consist  chiefly  of  car- 
bonates; those  of  carnivorous,  of  phosphates.  The  composition  of  those  found  in  man 
varies  according  to  the  food  ingested. 

Urinary  calculi  are  classified  according  to  their  composition  as  follows: 

1.  Calculi  composed  chiefly  of  unc  acid  or  urates. 

Pure  uric-aeid  calculi  are  usually  small,  yellow,  reddish,  or  brownish  in  color,  and 
hard. 

Stones  cansistiTig  of  urates  are  rarely  pure.  They  are  usually  covered  on  the  surface 
with  a  coating  of  calcium  oxalate  and  ammonium-magnesium  phosphate. 

2.  Caleuli  composed  chiefly  of  phosphates  aitd  carbonates. 

To  this  class  belong  stones  composed  of  calcium  p/iosphate,  ammonium-magnesium 
phosphate,  and  calcium  carbonate.  The  last  two  varieties  are  rare.  All  these  calculi  are 
white  or  grayish- white.  The  triple  phosphate  stones  are  soft  and  friable,  the  others 
hard. 

3.  Stones  composed  of  calcium  oxalate. 

These  are  hard  and  rough,  and  of  a  brown  color. 

4.  Cystin  caleuli. 

These  are  soft,  waxy,  and  of  a  brownish-yellow  color. 

5.  Xanthin  calculi. 

These  are  cinnabar-red  in  color,  smooth,  and  have  an  earthy  fracture. 

Ebstein  Rud  ^ieolaier  succeeded  in  experimentally  producing  urinary  calculi  by  feed' 
ing  animals  with  oxamide,  an  itmmonium  derivative  of  oxalic  acid.  The  greenish-yellow 
concretions  thus  produced  in  the  urinary  passages  of  dogs  and  rabbits  consisted  esseu- 
tially  of  oxamide;  on  section  they  presented  a  concentric  laminated  structure  showing 
radiating  striations.  They  were  found  likewise  to  possess  an  albuminous  stroma,  which 
was  denved  from  the  necrosis  and  desquamation  of  epithelium  caused  by  the  action  of 
the  oxamide  during  excretion. 
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XIV.  The  Pathological  Formation  of  Plfirment. 

g  69.  Both:  connective  and  epithelial  tissues  in  various  parts  of  the 
body  contain  normally  an  autochthonous  pigment*  which  lies  wUhin  the 
cells,  and  consists  either  of  yellow,  broT^ii,  or  black  granules,  or  forms  a 
ditfase  yellow  or  brown  coloration  of  the  cells.  These  autochthonous  pig- 
ments are  known  as  melanin,  lipochrome, 
and  hiemofuscin.  In  the  epithelial  tis- 
sues the  pigment  is  found  particularly 
in  the  lowest  layers  of  the  i*ete  Malpighii, 
which  contains  pigment  in  all  the  pig- 
mented portions  of  the  skin,  also  in  the 
hairs,  in  the  pigment-epithelium  of  the 
retina,  and  in  many  ganglion-cells.  In 
the  pigment-cells  of  the  skin  the  granules 
ai'e  chiefly  yellow  and  brown;  in  the  epi- 
thelium of  the  retina  they  are  black.  In 
marked  pigmentation  of  the  skin  other 
cells  besides  those  of  the  rete  Malpighii 
contain  pigment.  Among  the  connective- 
tissue  cells,  which  most  frequently  con- 
tain yellow  or  brown  pigment-granules, 
aix)  the  cells  of  the  choroid,  sclera,  co- 
rium,  heart-muscle,  muscularis  of  the  in- 
testine, and  pia. 

The  normal  autochthonous  pigments 
may  be  increased  under  various  physiol- 
ogical and  pathological  conditions.  For 
example,  during  pregnancy  the  pigment  of 
the  skin  is  usually  more  or  less  increased 
{cMoasma  tUerinmn),  particularly  in  bru- 
nettes. In  Addisan^s  disease,  a  general 
disease  leading  to  cachexia  and  which  is 
dei>endent  upon  pathologica*!  conditions 
of  the  adi'enals  (see  §  26),  there  occurs  a 
decided  pigmentation  of  the  skin  as  a  re-  p,„.  na-uw  uairy  piKmenuMi  moie 
suit  of  an  increiise  of  the  normal  pigment,   overtue  bai^k  and  buttocks,  with  switecvd 

•^    A,   '    if  .X  A.        ^        x^  y         *Pote  of    pUnnentatiou    over    trunk  Mia 

JNot  mirequently  spots  of  a  bronze  color  ^faouwera.  (After  ROhring.) 
appear  in  the  mucous  membranes  of  the 

mouth.     Further,  in  atrophic  conditions  of  the  heart  there  is  usually  an 
increase  of  the  normal  heart-pigment.     Yellow  pigment-granules  also 
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appear  in  the  voluntary  muscles  in  conditioDS  of  atrophy ;  and  in  old  per- 
sons the  smooth  muscle  of  tiie  intestine  always  contains  more  or  less  of  a 
yellow  gmnular  pigment,  so  that  sometimes  the  outer  surface  of  the  in- 
testine may  show  a  yellow  or  yellowish-brown  coloration. 

The  most  intense  grades  of  pathological  pigmentation  are  met  with 
mff'eckleSy  lentigines,  pigmerded  moles  (Fig.  113)  iiwd pigmented  warts,  and 
iu  black  melanotic  tumors  (see  Chapter  VIII.).  The  amount  of  i)igment 
may  be  so  great  as  to  give  the  tissues  a  pure  black  color. 

The  pigment  lies  for  the  greater  part  inside  of  tissue-cells  (chromaio- 
pJiores),  more  rarely  in  the  intercellular  substance.  It  is  composed  of 
yellow,  brown,  or  black  granules ;  not  inf i*equently  individual  cells  may 
be  diffusely  pigmented.  In  Addison's  disease  the  pigment-granules  are 
found  partly  iu  epithelial  cells,  especially  in  those  lying  directly  upon 

the  connective  tissue  (Fig.  114, 
A,  a,  by  and  B,  a),  and  part- 
ly in  branched  connective-tis- 
sue cells   (A,   c,  c,,  d),    from 
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which  pigmented  processes  ex 
tend  up  between  the  epithelial 
cells  (B,  c). 

In  the  pigmented  spots  of 
the  skin  and  in  melanotic  sar- 
comata the  pigment  is  partly 
contained  in  esi)ecially  differ- 
entiated connective-tissue  cells 
of  large  size,  and  partly  in  ap- 
parently normal  cells  of  the 
given  tissue,  very  often  in  the 
connective-tissue  cells  in  the 
neighborhood  of  the  vesst^ls 
and  iu  the  cells  of  the  vessel- 
walls. 

In  the  ganglion-cells  the 
pigment  is  composed  of  brown 
granules. 

The  pigments  just  described 
are  products  of  a  specific  cell- 
activity;  and  we  must  suppose  that  many  connective-tissue  cells,  gan- 
glion-cells, and  muscle-cells  are  able  to  form  pigment  from  the  material 
brought  to  them.  In  the  majority  of  cases  the  pigment  appears  to  be 
formed  in  the  places  where  it  is  found ;  yet  different  investigations  make 
it  probable  that  the  pigment  may  at  times  be  transported.  The  pig- 
ment of  the  epidermis  and  of  the  hairs,  at  least  in  pai-t,  is  not  formed 
ill  the  epithelial  cells  themselves,  but  in  branched  connective-tissue  cells 
(Fig.  114  A,  c,  d,  and  B,  c)  which  lie  just  beneath  the  rete,  and  send 
prfx;esses  between  the  epithelial  cells,  through  which  the  pigment  is 
transferred  to  the  latter. 

Tlie  fact  that  the  pigment  is  often  found  particularly  about  the  blood- 
vessels would  seem  to  indicate  that  the  material  from  which  it  is  formed 
Ls  derived  from  the  blood,  and  many  authors  accept  without  question  the 
\iew  that  the  pigment  is  a  derivative  of  the  coloring-matter  of  the  blood. 
Against  this  view  is  the  fact  that  neither  in  the  blood  nor  in  the  neigh- 
borhood of  the  blood-vessels  are  there  present  evidences  of  an  escape  of 
the  red  blood-cells  or  of  a  disintegration  and  solution  of  the  same.     It 


Pro.  114.—^,  and  B,  Pifirmented  celto  of  tlie  skin  from 
a  case  of  Addison^s  disease  with  caseous  tuberculosis  of 
both  adrenaki.  (Aloobol,  carmine.)  a,  Pifnnented  epi- 
thelium cells  from  tbe  deepest  layer,  in  a  sec'tion  cut  at 
rU;ht  aofi^les  to  t^e  surface.  A^  o,  Plfnnented  epithelial 
r^ells  from  a  section  made  parallel  to  tbe  surface.  B,  h, 
Epltbfltal  cells  containing  no  pigment;  c.Cj,  nucleated 
piinuented  connective-tissue  cells,  the  processes  of  which, 
10  B,  push  between  tbe  epithelial  cells ;  d,  pif^ented 
cell-prueesses.    X  350. 
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is,  therefore,  very  probable  that  the  pigment  is  formed  either  from  the 
circolatiug  albumin  or  from  the  albnmin  of  the  cells. 

The  attempt  has  been  made  to  solve  this  problem  by  means  of  diemi- 
cal  investigations;  and  the  results  obtained  up  to  the  present  time  favor 
the  theory  that  the  pigment  is  a  product  of  cell-activity,  and  is  formed 
from  albuminous  bodies.  The  different  forms  of  melanin,  in  which 
group  the  pigments  of  the  skin  and  choroid  are  usually  placed,  are,  ac- 
cording to  the  investigations  of  von  Kencki,  Sieber,  Abel,  Davids,  and 
Schmic^eberg,  nitrogenous  bodies  rich  in  sulphur,  but  vary  greatly  in 
composition.  According  to  Sehmiedeberg  these  differences  depend  upon 
their  mode  of  origin,  inasmuch  as  these  pigments  represent  tbejitud  prod- 
uct of  a  long  series  of  metamorphoses  of  aJ&umin  ;  and  in  their  formation 
may  be  compared  to  the  development  of  humus.  The  genuine  albu- 
minous bodies  do  not  furnish  the  material  for  the  building  up  of  this 
final  product  (Schmiedebei^),  but  it  is  derived  from  sulphur-containing 
bodies  formed  by  the  splitting-up  of  the  albumins,  and  from  which  cer- 
tain carbon-containing  groups  have  already  been  split  off,  so  that  there 
arise  combinations  which  in  proportion  to  their  carbon-content  are  very 
rich  in  sulphur,  and  from  these  the  melanins  ai^e  formed. 

Iron  may  be  present  in  small  amounts  in  masses  of  melanotic  pig- 
ment, but  is  usually  absent  and  is  not  necessary  to  the  production  of 
melanin. 

In  the  case  of  a  very  abundant  formation,  melanin  may  be  excreted 
in  the  urine. 

Lipochrome  is  the  term  applied  to  the  coloring-matter  of  adipose 
tissue,  corpora  lutea,  ganglion-cells  (Rosin),  and  of  the  greenish  tumors 
known  as  chloromata  (Krukeuberg).  Of  the  origin  and  nature  of  this 
pigment  nothing  definite  is  known. 

Hfiemofuscin  (von  Recklinghausen,  Goebel)  is  the  iron-free,  yellow- 
ish granular  pigment  found  in  heart- muscle,  smooth  and  striped  mu£iele, 
in  the  cells  of  the  glands  of  the  stomach  and  intestine,  in  the  lachrymal, 
mucous,  and  sweat  glands,  the  seminal  vesicles,  and  adrenals.  Accord- 
ing to  von  Recklinghausen,  this  pigment  is  derived  from  the  blood,  bat 
it  has  not  yet  been  established  that  it  is  a  hsemoglobin-derivative.  The 
sulphur-content  (Bosenfeld)  makes  it  not  unlikely  that  the  hsemofoscin 
granules  belong  to  tlie  melanin  group.  It  is  a  striking  fact  that  when 
treated  with  "fat-stains''  the  heemofuscin -granules  are  found  to  be  fat- 
containing  just  as  lipochrome  stains  as  fat  (Lubarsch). 

According  to  wn  Edlliker,  "  the  pigment  of  the  hair  and  epidermis  is  derived 
from  pigmented  connective-tissue  cells  which  lie  just  beneath  the  deepest  layers  of 
the  cpitlielium  of  the  hair-bulbs  and  of  the  rete,  and  send  processes  between  tlie  Uel- 
icate  cells  of  these  layers.  These  processes  divide  into  long  fine  ramifications  which 
lie  in  the  intercellular  spaces  and  may  even  penetrate  into  the  cells  themselves, 
and  in  this  way  transfer  their  pigment  to  the  latter."  The  pigment  of  the  ganglion 
cells  and  of  the  cells  of  the  retina  arises,  on  the  other  hand,  in  the  ectodermal  cvl^s 
themselves.  JRtWt/and  Ehrmann  agree  with  von  KoUiker,  A'ar^/ observed  thati  follow- 
ing the  transplantation  of  white  skin  on  to  the  surface  of  a  leg-ulcer  in  a  negro,  the 
white  grafted  portions  became  wholly  black  in  from  twelve  to  fourteen  weeks:  and  be 
concludes  that,  in  the  pigmentation  of  the  epidermis,  pigmented  connective-tissue  cells 
penetrate  between  the  epithelial  cells  and  convey  pigment  to  the  latter.  Microscopical 
examination  showed  the  presence  of  such  pigmented  processes  between  the  epitbelial 
cells  at  a  time  when  the  latter  had  not  yet  become  pigmented.  V<m  Wild  has  shown 
that  in  melanosarcomata  of  the  skin,  pigmented  connective-tissue  cells  may  penetrate 
between  the  epithelial  cells.  Similar  pigmented  connective-tissue  cells  are  found  in  the 
pigmented  portions  of  the  skin  or  mucous  membranes  in  cases  of  Addison's  disease, 
usuaUy,  however,  in  certain  areas  only  and  not  everywhere. 

Histological  studies  of  the  mode  of  formation  of  the  normal  pigment  in  varioua 
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animals,  cliiefly  in  fishes,  amphibia,  and  reptiles,  have  led  to  different  conclusions. 
Thus  Jarisch  is  of  the  opinion  that  the  pigment  of  the  skin  and  teeth  of  tadpoles  is  not 
derived  from  the  blood,  but  is  a  product  of  the  protoplasm,  while  List,  on  the  other 
hand,  believes  that  the  piement  of  the  skin  of  fishes  and  amphibia  is  formed  from 
hemoglobin.  Ehrmann  hclds  that  the  melanotic  pigment  of  all  vertebrates  is  a  hsemo- 
globin-derivative.  Acconiing  to  Kromayer,  the  pigment  of  the  skin  of  mammals  is 
derived  from  the  protoplasmic  fibrillae  of  epithelial  cells  and  represents  a  degeneration- 
product  of  the  same. 

According  to  von  Fyrth,  neither  sulphur  nor  iron  is  necessary  to  the  formation  of 
melanin.  The  melanin-molecule  contains,  however,  active  atom-groups  which  enable 
it  to  combine  with  certain  complexes  rich  in  sulphur  or  iron.  Tne  investigations  of 
Bertrantl,  Biedermann,  Schneider ^  vonFurth.Gessard,  and  others  make  it  very  probable 
{wn  Fiirth)  that  the  formation  of  melanotic  pigment  depends  upon  the  action  of  an  ox- 
idative ferment  (tyrosinase)  upon  tyrosin  or  other  hydroxylized  substances  of  an  aro- 
matic nature.  In  the  abundant  formation  of  melanin  in  tumors,  melanin  or  melanogen 
may  be  excreted  in  the  urine,  so  that  this  at  the  time  of  discharge  is  black  or  gradually 
becomes  black  when  exposed  to  the  air  and  light. 

According  to  Spie^ler,  the  results  of  the  chemical  investigation  exclude  the  deri- 
vation of  melanin  from  hsematin.  He  has  also  demonstrated  the  existence  of  a  white 
chromogen  which  is  the  cause  of  color  of  white  sheep's  wool  and  of  gray  hairs. 

In  domesticated  animals  there  occurs  a  ]:>eculiar  melanosis  of  the  Internal 
organSy  occasionally  associated  with  melanosis  of  the  subcutaneous  tissue.  The 
affected  organs  (heart,  lungs,  intestines,  etc.)  present  in  varying  numbers  grayish  or 
black  spots,  looking  like  ink-spots,  which  are  produced  by  the  deposit  of  pigment  in 
connective- tissue  cells  which  otherwise  appear  normal. 

Under  the  term  ochronosis  of  cartilage,  Virckow  described  a  peculiar  iron-free 
pigmentation  of  cartilage,  in  which  the  different  cartilages  of  the  bod^  show  a  brown 
or  black  color.  Besides  the  cartilages,  the  tendons,  capsules  of  the  joints,  the  perios- 
teum, and  intima  of  the  aorta  and  the  heart  may  show  black  spots.  The  pigmen- 
tation is  dependent  in  part  upon  a  diffuse  imbibition  of  the  tissue  and  in  part  upon 
the  deposit  of  iron-free  brownish  granules  in  the  cells  and  ground-substance.  The 
cartilage- tissue  shows  at*  the  same  time  retrograde  changes,  fibrillation,  and  softening. 
The  pigment  probably  belongs  to  the  group  of  melanins.  During  life  the  urine  may 
have  a  brown  or  black  color.  The  condition  has  nothing  to  do  with  alkaptonuria 
(Langsiein). 
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§  70.  Hiematogenous  pisrments— that  is,  the  pigments  whose  origi* 
from  the  coloringniatter  of  the  blood  nmy  be  demonstrated  beyond  any  douU 
— are  derived  usually  from  blood  which  has  escaped  from  the  blood-ve!* 
Bels,  or  has  undergone  coagulation  within  the  vessels,  and  are,  therefon-, 
dependent  upon  local  changes.  In  other  cases  they  may  be  caused  by  sj 
taking-up  of  blood-pigment  into  the  blood  or  by  a  change  in  the  hVm 
itself,  whereby  granular  pigment  is  either  formed  in  the  blood,  or  hjemo- 
globin  passes  into  the  blood-plasma,  so  that  pigmentation  of  the  tissm-J^ 
results  from  metastatic  deposits  of  pigment.  Such  pigmentations  ai-e  known 
as  hsmachromatoses. 

Both  large  an4  small  extravasates  of  blood  very  soon  undergo  cer 
tain  changes  which  are  visible  to  the  naked  eye,  Extravasat*^  in  tin- 
skin  become  first  brown,  then  blue,  followed  by  green,  and  finally  ytl 
low.  Small  htemorrhages  into  the  tissues,  jis  in  the  peritoneum.  ple«r.i. 
and  lungs,  may  show  for  a  long  time  as  reddish-brown  spots;  in  "*" 
composing  cadavers  their  color  may  be  slate-colored  or  black.  La^^* 
h»morrhages  into  the  tissue,  as  in  tlie  brain  or  lungs,  assume  after  a  cer- 
tain time  a  rust-brown  color,  which  later  changes  to  an  ochre-yellow, 


HiEMATOGENOUS   PIGMENTS.  243 

yellow,  yellowish-brown,  or  brown  pigmentation.  All  these  changes  of 
color  correspond  to  certain  chauges  in  the  haemoglobin  and  in  the  iron 
which  it  contains. 

Whenever  a  hiemorrhage  occurs  in  the  tissues  or  into  a  body-cavity, 
a  certain  portion  of  the  blood-plasma  and  of  the  red  blood-cells  may  be 
taken  up  unchanffed  through  the  lymph- vessels.  Another  portion  of  the 
corpuscles  gradually  loses  its  hsemoglobin,  the  pale  stroma  of  the  corpus- 
cles remaining.     The  escaped  hcemoglMn  diffuses  through  the  surrounding 

g  tissues,  and  from  it  there 

4  are  formed  the  different 

products  which  give  rise 
to  the  changes  of  color  in 
the  neighborhood  of  the 
extravasate.  A  part  of 
the  absorbed  haemoglobin 
may  be  excreted  as  urobi- 
lin (urobUinuria) ;  another 
part,  on  the  other  hand, 
may  be  precipitated  in 
the  tissues  in  the  form  of 

Fig.  Ho.— An  Cells  containing  amorphous  blood-pigment:  a,  crrannlAarkrnriTcfala       T>ia 

those  with  few  laiY^  fragments  of  red  blood-wite;  b,  c,  thoae  granules ui  crybiais.      iiie 

ooDtaining  great  nambere  of  small  dlslntegratlon-prodncts  of  red  latter  are  veUottish-red  OT 

blood-cells;   B,  rhombic  plates  and  needles  of  hmmatoldln.  ,          3i.r«       i  a          ^ 

X  500t  ruby-red  rhombic  plates  and 

needles  of  hcematiAdin  (Fig. 
115  B) ;  and  represent  a  frequent  residuum  of  hsemorrhages.  A  portion 
of  the  diffused  hsemoglobin  may  also  be  taken  up  by  cells,  the  latter 
thereby  acquiring  in  part  a  difit'use  yellowish  pigmentation,  or  in  part 
showing  the  presence  of  yellow  and  brown  pigment-granules. 

A  tSird  portion  of  the  blood-corpuscles  disintegrates  at  the  site  of 
the  extravasation,  and  forms  yeUmo  and  brown  granules  and  lumps.  The 
pigment-granules  and  lumps  which  arise  either  directly  from  the  disinte- 
gration of  red  blood -corpuscles,  as  well  as  the  crystals  and  granules  pre- 
cipitated from  the  dissolved  hsemoglobin,  are  often  taken  up  by  cells, 
partly  leucocytes  and  partly  cells  derived  from  proliferating  tissue;  and 
these  form  the  so-called  blood-corpuscle  cells  and  pigment-containing  cells 
(Figs.  115,  A,  and  116,  a,  b). 

At  the  beginning  of  the  disintegration  of  the  red  corpuscles  the  color- 
ing-matter present  is  hsemoglobin,  but  this  quickly  undergoes  changes ; 
and  the  yellow  and  rusty  masses  and  granules  which  are  found  both  in  the 
cells  and  lying  free,  and  which  become  changed  in  the  course  of  time  into 
darker  pigment,  are  no  longer  hsemoglobin  itself,  but  represent  different 
derivatives  of  hcemoglobiii.  According  to  their  chemical  composition 
these  derivatives  may  be  divided  into  two  groups,  one  iron-free,  the  other 
containing  iron.  The  former  is  known  as  hceniatoidin,  the  latter  as  hcemo- 
siderin  (Neumann). 

Hsmatoidin  (identical  mth  bilirubin)  is  a  ruby-red  (Fig.  115,  B)  or 
rt'ddish-yellow  (Fig.  116,  b)  pigment  occurring  either  in  crystalline  form, 
or  as  granules,  which  may  be  amorphous,  but  often  show  a  somewhat 
angular  shape  (Fig.  116,  5),  suggesting  rudimentary  and  imperfect  crys- 
tals. Hsematoidin  is  soluble  in  chloroform,  carbon  disulphide,  and 
absolute  ether ;  and  insoluble  in  water  and  alcohol.  It  would  appear  to 
l)e  formed  especially  when  hsemoglobin  is  but  slightly  exposed  to  the 
action  of  living  cells,  as  is  especially  the  case  in  the  centre  of  large  ex- 
travasates  and  in  haemorrhages  into  the  body-cavities,  as,  for  example^ 
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into  the  pelvis  of  the  kidney  or  the  snbdani]  space.  It  may  be  pro- 
daced  artificially  by  the  iotrodnction  of  glass  capsules  oootaiiiing  blood 
beneath  the  skin  or  into  the  peritoneal  ca\ity  in  such  a  way  tL&t  the 
blood  within  the  capsules  may  be  exposed  to  the  action  of  tiie  tissue- 
fluids  but  not  of  the  oell& 

The  granules  and  crystals  of  luematoidin  are  found  in  the  tlssacs 
either  free  (Fig.  115,  B),  or  enclosed  in  ceUs  (Fig.  116,  b).  In  the  lat- 
ter ease  the  granules  and  crystals  are  usually  taken  up  by  phagocytes 
after  they  have  been  formed ;  though  occasionally  it  may  happen  that 
the  luematoidin  while  in  solution  is  taken  up  by  fixed  connective- tissue 
cells,  for  example,  cartilage  or  fat-cells»  and  then  precipitated  in  solid 
form. 

Hjemosideiiii,  the  derivative  of  the  red  blood-cells  which  contains 
iron  in  demonstrable  quantity  microscopically,  is  usually  found  Id  the 
tissues  as  yellow,  orange,  and  brown  granules  and  lumps  which  become 
darker  in  the  course  of  time.  They  are  for  the  greater  part  oontained 
within  cells,  and  in  part  are  formed  within  the  cells. 

Wlien  treated  with  potassium  ferrocyanide  and  dilute  hydrochloric 
acid  luemosiderin  becomes  deep-blue  through  the  formation  of  Berlin 
blue  (ferric  oxide  salt  of  hydroferrocyanic  acid)  (Fig.  116,  a).  When 
treated  with  ammonium  sulphide  there  is  formed  a  black  sulphide  of 
iron. 

Hsemodderin  appears  to  be  formed  particularly  (Neumann)  when  the 
blood  in  an  extravasate  or  in  a  thrombus  is  subjected  to  the  action  of 
cells;  and  it  is  consequently  seen  more  frequently  in  small  extravasates 
and  at  the  periphery  of  larger  one&  The  formation  of  haemosiderin  may 
take  place  either  within  the  cells  or  free  in  the  tissue.  The  pigment  en- 
closed within  cells  (sideroferons  cells)  may  have  been  formed  from  the 
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Fig.  116.— Cells  mntainfng  bsmosfdefin  and  luematoidin  from  an  old  hannonliairlc  torta  Id  the  brata. 
(AlcotioL.  Berlin-blue  reactioD.)  a.  Cells  oontainlnir  bsemoslderin :  f»,  cells  containing  bsematohlio ;  c  iat- 
granoJe  cells  wliicb  ba?e  become  dear;  d,  newly  formed  connective  tiasoe.    x  800. 

remains  of  disintegrated  red  blood-cells  which  have  been  taken  np  l»y 
the  cells,  or  from  dissolved  haeiuoglobiu  which  has  been  absorbed  by  the 
cells.  In  favor  of  the  latter  mode  of  formation  is  the  diffuse  yellow  color 
seen  in  both  wandering  and  fixed  cells,  which  becomes  blue  when  the 
Berlin-blue  reaction  is  applied.  Further,  when  hiemoglobin  is  excreted 
through  the  kidneys,  iron -containing  iiigment-grauules  form  in  the  renal 
epithelium;  and  moreover  fixed  cells,  as  cartilage-cells,  for  examplCi 
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which  coDld  hardly  be  supposed  to  act  as  phagocytes  aud  take  np  frag- 
ments of  red  cells,  ofteu  contain  granules  of  hsmosideriu,  even  when 
lyiug  outside  of  the  immediate  neighborhood  of  the  extravasate. 

The  free  pigment  and  the  pigmented  cells  cause  a  distinct  pigmenta- 
tion of  the  extravasate  and  its  immedmte  neighborhood.     The  pigmented 
cells  soon  pass  into  the  lymph -vessels  and  a  mettatam  of  ihe  pigment  takes 
place,  as  a  result  of  \i'hich  the  pigment  is  found  in  the  lymph-vessels  aud 
their  neighborhood,  and  in  the Ijmph-glands  where  it  is  found  fii-st  in  the 
free  cells  of  the  lymph- 
sinus  (Fig.  117).     Later 
it  may  be  taken  up  by 
the  fixed  tissue-cells.    In 
the  course  of  time  the 
hienioslderin  is  de- 
stroyed and  disappears. 
The  view  which  is  held 
by  many,  that  hfemosi- 
derin  is  changed  into  a 
black    melanin,    is    nob 
supported  by  the  actual 
facts.      The     brownish- 
black    granules    in    the 
Fio  iiT.-Aocumuiaiion  oi   pumCTii-aioMininK  csiii  In  the     luugs,  which  have  been 
af  .raS.Ti'^Sffi'S."  TuSKUrt  SS.     explained  »«  dne  to  such 
uiniiie  pisnieni-Bnnaie*.  X  lux  a    change,     are    found 

through  high  magnifica- 
tion (Neumann)  to  consist  of  one  or  several  minute  particles  of  carbon 
Hurrounded  by  a  coating  of  hfemosiderin. 

If  hffimosiderin  is  brought  into  contact  with  hydrogen  sulphide  it  be- 
romes  black;  and  as  the  result  of  such  reaction  there  may  be  produced 
ill  the  cadaver  black  and  green  spots  or  a  more  diffuse  discoloration, 
which  are  known  as  psetidoitielanosls.  It  is  observed  most  often  in  the 
intestine,  peritoneum,  and  in  suppurating  wounds,  since  in  these  regions 
hydrogen  sulphide  is  more  likely  to  be  formed  in  the  coarse  of  putrefac- 
tiou. 

Anwld  lias  receotlj'  declared  timt.  both  in  hEemntogenouB  and  exogenous  aiderosis 

6eeg7l),  the  i«tn-ffranwi'» of  the «Vl3i'oft»WJji  cella  {leucocytes,  connective-tissue  cells, 
ver-cellfl,  etc.)  are  not  iron 'gran  ulefi  wfiicli  have  been  taken  iip  from  without  through 
pbagocytonls,  or  which  have  been  precipitated  witJiin  the  cells,  but  are  changed  cell- 
plaamo8omc9  which  have  taken  up  the  iron,  converted  It,  and  combined  it  with  theni- 
kItcs.  The  slalemenis  made  in  the  main  text  (§^  TO  and  71)  bs  to  the  genesis  of  a  por- 
tion of  the  side rofcro  118  cells  barmonl/.e  with  Arnold's  view,  but  it  must  be  attlrnied 
that  a  formation  of  Hideruferous  cells  through  phagocytosis  also  occurs,  botl>  in  case  of 
eitravasates  and  htemachromatosus  due  to  intravascular  destruction  of  the  red  blood- 
cells. 

Pteiidomelnaofi*  Is  not  produced,  as  many  authors  believe,  by  the  action  of  hydro- 

Een  sulphide  upon  the  blood,  but  is  formed  by  the  action  of  hydrogen  sulphide  upon 
Kmoaiderin.  Accordioeto  the  investigations  of  Zelier,  Arnold,  and  Eriut.  black  pig- 
meut  may  also  be  formed  duriui;  life,  through  the  action  of  bacteria  which  priHluce 
hydn>(;cn  Sulphide  Pseudomelanosis  of  the  human  ho^molymph  nodt^  (  Wartltin)  may 
occur  in  colon-bacilluB  Infectious  as  the  result  of  tlie  actlou  of  HiS  lathe  blood  upon 
the  hiemosiderin  deposited  in  the  glands  following  an  excessive  hieraolysis. 
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§  71.  When  large  numbers  of  red  blood-cells  break  down  in  the 
circulating:  blood,  a  portion  of  the  dissolved  liaBiuoglobin  or  methaemo- 
globin  may  pass  into  the  plasma,  or,  on  the  other  hand,  fragments  of  leH 
cells  may  be  carried  about  in  the  circulation.  Such  a  destruction  of  red 
cells  occurs  to  a  marked  degree  in  poisoning  with  arsenic,  toluylendia- 
min,  potassium  chlorate,  and  morels;  to  a  lesser  degree  in  other  disease 
such  as  many  infections,  malaria,  i>ernicious  anaemia,  and  in  overheating 
of  the  body.  The  passage  of 
haemoglobin  or  methsemoglobin 
into  the  blood-plasma  leads  to 
the  condition  of  Juji^Tnoglobin- 
cemiay  in  which  the  blood- 
plasma  is  colored  red.  When 
the  amount  of  dissolved  hae- 
moglobin in  the  blood  is  large, 
a  portion  may  be  excreted 
through  the  kidneys,  giving 
rise  to  fujemogloMnuria  or  meUi- 
wmoglohinuria,  in  which  con- 
ditions the  urine  may  present 
a  bloody  appearance,  or  a  color 
varying  from  a  clear  brownish - 
red  to  a  dark  reddish-black. 
This  occurs  particularly  in  the 
case  of  the  first-named  poisons, 

but  also  occasionally  after  the  action  of  other  injurious  influences,  as,  for 
example,  after  exposure  to  cold  (periodical  haemoglobinuria). 

When  formed  products   arise   from   the   disint^ration  of  the  red 
cells,   as,  for  example,  after  extensive  burns,  they  collect  first  in  the 


Fig.  118.— Inflltration  of  the  cells  of  the  Uver-mds  with 
yellow  hsemoslrlerin  (ijanuleB,  from  a  awe  of  pernJcifus 
anspmia.  (Osmlc  add.)  a.  Htemostderin ;  b,  cells  In  a 
state  of  fatty  degeneration.    X  250. 
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capillaries  of  the  liver,  spleeo,  lymph -glands,  aud  bone-marrow,  and  to 
a  less  extcDt  in  other  organs;  and  are  sooner  or  later  taken  up  by  cells. 

As  the  result  of  au  increased  supply  of  Liemoglobin  to  the  liver  the 
functional  activity  of  this  orgau  is  increased,  so  that  the  amount  of  Mle- 
piffinent  in  the  bile  may  be  muck  greater  than  normal ;  aud  under  certain 
conditions  oxyhjemoglobiii  may  appear  in  the  bile  (Stern).  When  the 
blood-destruction  is  very  great,  the  liver  may  not  be  able  to  dispose  of 


(sotnl  TelDS. 

all  the  blood-pigment  brought  to  it;  and  in  consequence  derivatives  of 
tuemoKlobin  are  deposited,  partly  in  the  liver  and  partly  in  other  organs, 
or  may  be  in  part  excreted  by  the  kidneys.  In  this  way  there  may  arise 
a  more  or  less  extensive  hcemochromatosis  of  different  oi^;ans,  the  cells 
of  which  show  an  ochre-yellow  or  brown  color. 

The  derivatives  of  haemoglobin  deposited  in  this  way  are  partly  t»'on- 
free  pifftnent^  and  partly  fuemoaiderin ;  but  the  latter  is  particularly  a 
frequent  cause  of  pigmentation  of  tissues,  and  it  is,  therefore,  proper  to 
speak  of  a  pigmentation  by  hfematogenous  siderosls. 

These  deposits  of  Iron-containing  pigment  are  ciiiefly  in  the  liver, 
where  they  appear  partly  in  the  form  of  yellow  granules  and  lumps, 
which  are  for  the  greater  part  enclosed  in  lencocytes  lying  within  the 
liver- capillaries.  Fm-ther,  they  are  found  also  in  the  form  of  fine  yellow 
granules,  which  give  the  iron-reaction,  in  the  endothelial  cells  of  the 
capillaries  (to  which  the  stellate  cells  of  Kupffer  belong),  and  in  the 
liver-cells  (Fig.  118,  a).  In  many  diseases,  as,  for  example,  pernicious 
malaria  or  pemicions  anaemia,  the  majority  of  the  liver-cells  contain 
such  pigment,  so  that  the  liver  through  the  presence  of  so  much  iron 
takes  on  a  characteristic  yellowish -brown  color. 

Wlien  lai^  quantities  of  the  products  of  the  disintegration  of  red 
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blood-cells  are  brought  to  tbe  liver,  they  accuraulate  particnlarly  in  the 
periportal  connective  tissue  and  in  the  ^wriph^ry  of  the  aciui  (Fig-  H^. 
d,  e).  The  lumps  or  granules  of  irou-contaiuing  pigment  lie  either  frc-e 
in  the  capillarieH,  or  in  the  tissue;  or  are  enclosed  within  leucocytts, 
liver-celis,  conuective-tissae  cells,  or  the  capillary  endothelial  celk 
The  iufiltrated  area  presents  to  the  naked  eye  a  reddiBh-brown,  rosty 
color. 

The  iron-pigment  vhicb  is  carried  to  the  spleen  is  deposited  chieSy 
in  the  pulp  within  free  cells;  but  granules  are  also  fonnd  in  thefiid 
cells.  In  the  lymph-glaads  the  iron  granules  are  found  chiefly  in  the  fr« 
cells  of  the  lymph-channels.  In  the  bone-marrow  retained  htemoEideriii 
(Fig.  120)  is  found  partly  iu  free  cells  lying  within  the  capillaries,  aod 
partly  in  the  endothelium,  also  partly  in  the  marrow-«ellfi;  tbe  nambu 
of  iron  containing  cells  may  be  very  marked. 

In  the  kidneys  the  luemosiderin  granules  are  most  abaodant  JDtbf 
epithelium  of  the  convoluted  tubules  (Fig.  121,  a),  but  they  are  alsc 
found  in  the  lumina  of  the  urinary  tubules  (A),  in  tbe  epitbellom  ul 
Bowman's  capsule  (e),  and  in  the  endothelium  of  tbe  capillaries.  II 
small  particles  of  btemosideriu  are  present  in  the  circulating  blood,  tbej 
will  usually  be  found  in  the  kidney- vessels.  When  hfemoglobiii  isei 
creted  by  the  kidney,  drops  of  this  substance  will  be  seen  lying  in  tbt 
tubules.  Id  cases  of  marked  deposit  of  pigment  the  kidney  may  show  9 
distinct  pigmentation  even  to  the  naked  eye. 

The  hEemosiderin,  which  is  found  iu  the  different  tissaes,  has  beer 
brought  to  them  in  the  form  of  small  lumps  or  granules,  and  iacontainetl 
chiefly  in  leucocytes.     Uu  the  other  hand,  another  part  of  the  iroQ-grau 
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nles  is  precipitated  in  solid  form  within  the  cells  from  subetancssbrongh 
to  them  in  solution.  Since  the  cells  (liver-cells,  kidney  epithelitim.  en 
dothelium  of  the  blood-vessels,  and  the  eells  of  tbe  lymph -glands,  boue 
marrow,  and  spleen)  not  infrequently  show  a  diffuse 'blue  color  after  tin 
iron-test  has  been  applied,  the  iron  must  be  diffused  throughout  the  cell 
protoplasm,  and  is  probably  converted  later  into  the  grauidar  form.  Ii 
is  also  possible  that  the  diffose  coloration  may  arise  in  part  from  a  solu 
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tion  of  iron  within  tbe  cells.  According  to  tlie  ot>aflrvations  of  different 
authors  it  is  assumed  that  besides  the  colored  deposits  of  pigment,  color- 
less granules  of  an  iron -albuminate  may  be  present  in  the  cells.  This 
theory  is  supported  by  the  observation  that  inoi'e  pigment  ki^ho'^^  ^^ 
visible  after  the  iron  reaction  has  been  applied,  than  could  be  seen 
before. 

The  deposit  ol  iron-free  pigments,  h(Bmatoidin  or  bilii-abia  is  not  of 
fretjiient  occurrence  in  hemochromatosis,  but  occasionally  yellow  gran- 
nies which  do  not  give  the  irou  reuction  are  found  in  the  organs  named 
above;  and  it  may,  therefore,  be  assumed  that  the  pigment  in  part  may 
be  constantly  free  fi'om  iron. 

By  tlie  majorily  of  authors  (see  Geger,  lot.  fit,),  the  moltled  pigmeiitntion  of  Vie  skin 
nhirh  develops  l[i  e/troitic  amnic  poimning.  aaA  which  Is  due  to  the  deposit  of  small 
yellowish- brown  pigment  gruoulea  in  the  corium  and  epidermis  (si  in  liar  to  the  pig- 
mentation of  Addison's  disease),  is  to  be  dossed  with  the  hu'inoehromntoses.  It  is  Co 
be  referred  to  the  degenerative  inlluence  of  arsenic  upon  the  hone-marrow  and  the 
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troD  gruiulea  snd  are  naiofA  dlffuaelr  Mux;  b.  Inin-ffraniila  In  tbe  lumen  of  Ibetutules;  c  itrelRbt  Cub- 
oka;  (f.  Hlomeni[iu;  e,  eplUiellum  ot  tbe  capsule,  coulalnlnfc  Iron-Ersnulea.    x  130. 

Llood.  It  sliould  be  noted,  however,  that  the  pigment  does  not  give  the  Iron  reaetion, 
and  tliat.  according  to  oclier  observations,  pigment  in  epithelium  which  is  derived  fmn) 
hemngtobin  is  not  permanent ;  and  that  no  increased  destruction  of  the  red  btnod-cellB 
occurs  in  the  affected  individuals  (.Vuirj. 

'I'he  organism  supplies  Its  nee<]  for  iron  through  the  a«>lmllatIon  ot  the  Iron 
compounds  found  in  the  iron  containing  articles  ot  food.  The  iron  contained  in  the 
iron  preparations  used  for  medicinal  purposes  is  ahsorbeti  from  the  small  intestine,  in 
particular  from  the  duodenum.  Iron  absorbed  in  excess  is  in  part  stored  up  as  hitmo- 
siderio  in  the  spleen,  bone-marrow,  and  lymph-glands,  or  temporarily  in  the  liver;  and 
in  part  excreted  through  the  kidneys,  liver,  and  large  Intestine. 

In  malaria  (ww  piffmentt  are  formed  as  a  result  of  the  destruction  of  the  red  cells  by 
the  malarial  parasite.  One  of  these  is  formed  by  the  malarial  Plasmodium  itself,  is 
contained  within  tlie  parasite,  is  black,  and  gives  no  iron  reaction.     Its  nature  is  not 

The  second  pigment  is  hemosiderin,  which  passes  into  the  blood-plasma  as  the  re- 
sult of  the  destruction  of  the  red  blood  cells,  and  is  deposited  in  the  liver,  spleen,  and 
bone-marrow.  In  cases  of  marked  destruction  of  the  blood  there  may  occur  also  a  aide- 
rosis  of  the  kidneys  (Fig.  131),  and  an  excretion  of  iron  in  the  urine. 

The  ffreeit  color  which  i»  ^tiemed  in  tht  ntighborlMod  of  blnod-eontainins  vtueU  in  de- 
amfotiag  eadavert  Is  to  be  referred  to  a  formation  of  sulphur- methsmoglobin  tbrougb 
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the  action  of  H«S  on  oz  vbsmoglobin  (ffifppe'Sefler^  Barttad^    bi  tiie  abaenoe  of  oxy- 
gen, sulpbor-luemoglobui  ia  formed,  which  poeaeaaea  a  daik-ml  odor  {limmmi^ 
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S  72.  Icterus  or  Jaundice  Isapatholo^calpigmeutation  of  the  tissuet) 
dne  to  the  presence  of  bile-pig^le^L  Ictems  is  a  symptom  which  occurs 
in  tiie  coarse  of  numeroiis  diseases  of  the  liver,  and  is  of  frequent  occur- 
rence even  in. the  first  days  of  life  (ictervs  neonatorum). 

The  pathological  pigmentation  which  characterizeB  icterus  is  apparent 
during  life,  particularly  in  the  skin,  conjunctiva,  and  in  the  urine;  in 
the  cadaver  the  internal  oi^ans — the  Berous  membranes,  lungs,  kidnejrs, 
liver,  the  subontaneons  and  intermuscular  tissues,  the  blood  plasma, 
clots  lying  in  the  vessels,  etc. — may  show  an  icteric  coloration.  In 
recent  cases  the  icteric  color  is  yellow ;  in  long-standing  cases  the  skin 
takes  on  an  olive-green  or  dirty  grayish-green  color,  while  similar  color> 
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ations  occnr  in  the  internal  oi^ns,  particularly  in  the  liver,  and  occa- 
sionally in  the  kidneys. 

Icterus  reauUafrom  the  entrance  of  trile — that  U,  of  bUe-ptffTnetU  (bUirttbin) 
-into  the  Mood  andjluida  of  the  body.  During  such  a  condition  the  nrine 
excreted  contains  elements  of  the  bile,  particularly  the  bile- pigments. 
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Icterus  is  a  hepatogenous  disease,  inasmuch  as  the  bile-pigments  have  their 
souixje  in  the  liver.  As  the  result  of  disease  processes  in  the  biliary 
passages  or  in  the  liver  itself  the  normal  outtlow  of  the  bile  is  hindered, 
and  the  bile  is  then  taken  up  into  the  lymphatics  and  blood-vessels  of 
the  liver.  Such  a  damming  back  of  the  bile  may  be  caused^  for  exam- 
ple, by  a  narrowing  or  closure  of  the  large  bile-ducts  through  the  forma- 
tion of  scar-tissue,  through  gall-stones  wedged  in  the  lumen,  or  through 
tumors  developing  in  the  bile-ducts  themselves,  or  arising  outside  of  the 
ducts  and  compressing  them;  or  through  inflammatory  processes,  ab- 
scesses, connective-tissue  growths,  or  tumors  of  the  liver  which  compress 
or  pull  upon,  or  completely  obliterate  the  smaller  bile-ducts,  and  in  this 
way  hinder  tiie  outflow  of  blood  from  the  smaller  bile-ducts  and  capil- 
laries. 

In  the  case  of  a  stasis  of  bile  within  the  liver-lobules  the  intercellular 
bile-capillaries  first  become  dilated  and  may  become  filled  with  large  bile- 
thrombi  (Pig.  122,  a,  b).  The  dilatation  aflFects  also  the  blind  side 
branches  extending  toward  the  capillaries,  and  these  finally  may  be 
broken  through,  l^uiing  to  a  separation  of  the  liver-cells  (Fig.  122,  ^ \ 
also  to  cell  necrosis,  so  that  the  bile  eventually  gains  entrance  into  the 
perivascular  lymph-channels  and  thence  also  directly  into  the  blood. 
Further,  the  bile-pigment  is  heax)ed  up  in  granules  within  the  liver-cells 
themselves  (c),  and  the  endothelium  of  the  blood-capillaries  (d,  d„  e) 
also  becomes  stained  with  bile. 

Since  there  occurs  in  the  liver-cells  a  double  secretion,  an  external 
one  through  the  bile-ducts  of  bile-acids  and  bile-pigment,  and  an  internal 
one  into  the  blood-vessels  of  sugar  and  urea,  it  appears  reasonable  that  a 
passage  of  bile  into  the  blood  may  occur  not  only  through  stasis  of  the 
bile,  but  also  as  the  result  of  pathological  conditions  of  the  liver-cells  due 
to  infections  and  intoxications.  We  may  therefore  distinguish,  in  addition 
to  icterus  due  to  bile  stasis  or  stasis  parapedesis  (Minkowski),  other  fomi8 
of  icterus  due  to  toxic  and  infectious  parapedesis  of  the  bile  (parachdia.  Pick) ; 
and  there  are  probably  many  forms  of  icterus  formerly  referred  to  as 
catarrh  of  the  bile-passages  that  may  be  explained  in  this  way. 

It  is  also  possible  that  disturbances  of  innervation  and  of  the  circula- 
tion of  the  liver  may  be  sufficient  to  bring  about  an  escape  of  bile  into 
the  intra-acinous  lymph-channels  or  into  the  blood,  so  that  a  nerwnn 
paracholia  may  also  be  distinguished. 

When  bile-pigment,  either  in  solution  or  in  the  form  of  grannies  and 
lumi)S,  obtains  entrance  to  the  blood,  the  tissues  of  the  body  become  grad- 
ually permeated  with  bUe-stained  lymph,  and  thereby  acquire  an  icteric 
color.  If  phagocytes  containing  granules  or  lumps  of  bilirubin  are 
present  in  the  circulating  blood,  they  may  accumulate  here  and  there, 
particularly  in  the  spleen  and  the  bone-marrow.  After  a  time  the 
bile-pigment  held  in  solution  within  the  tissue-lymph  may  become  pre- 
cipitated as  solid  partides  of  bUe-pigment,  chiefly  in  a  granular  form,  but 
rarely  in  a  crystalline  (the  latter  form  occurs  almost  entirely  in  the 
new-bom,  in  which  the  crystals  are  found  in  the  fiixed  and  wandering 
cells  of  the  connective  tissue,  in  the  liver-cells,  and  in  the  renal  epithe- 
lium). The  crystals  are  in  the  form  of  rhombic  plates  and  needles, 
similar  to  those  of  hsematoidin  (Fig.  115).  In  severe  cases  of  icterns 
very  many  of  the  tiasue-cells  contain  pigment,  and,  as  a  resnlt  of  the 
metastasis  of  cells  containiiig  pigment^  aocnmidatioiis  of  the  latter  in  the 
lymph-glands  may  occur. 

In  the  kidneys  in  which  bile-pigment  is  being  excreted  there  likewise* 


(M-c-iirs  au  excretory  pigmentation,  particolarly  of  the  epithelinm  of  the 
nrinary  tnbules  (Fig.  123,  a,  d),  wiiicti  in  consequence  may  become 
desciuamated.  If,  as  the  result  of  the  damage  done  to  the  secreting  cells 
tbroagh  the  excretion  of  the  bile-pigment,  there  are  formed,  as  is  usually 
the  case,  hyaline  casts— that  is,  hyaline  coagola  in  the  albumiu-contain- 
ing  urine  in  the  tabnles — these  likewise  become  colored  by  the  bile-pig- 
meut  (Fig.  liiS,  6,  c). 

Associated  with  the  deposits  of  bilirubin  in  icferns  there  is  always  a 
depotnt  of  Juemonderin  which  may  become  so  abundant^  particularly  in  the 
bone-marrow  (Fig.  120),  spleen,  and  lymph-glands,  and  occasionally  also 
in  the  liver,  that  the  pigmentation  of  the  organs  named  is  dependent  in 
part  npon  iron-pigment. 


■(ti-eiii;™,  m 


When  an  increased  destruction  of  red  bloodcflLi  lakes  place  within  the 
blood-vessels,  hiematoidin  or  bilirubin,  in  addition  to  hutiiiosiderin,  is 
formed  in  different  parts  of  the  body  (see  §  71) ;  but  the  formation  of 
bilirubin  outside  of  the  liver  is  very  slight  and  is  not  sutficient  to  cause 
any  extensive  icteric  coloration  of  the  tissue,  bo  that  apurely  htematoffe- 
nous  jaundice  does  not  ocair.  The  liver  is  the  great  elaboi-ator  of  bilirubin, 
and  in  cases  of  increased  destruction  of  the  blood-cells  the  liver- function 
is  increased  and  there  is  an  increased  production  and  excretion  of  bile- 
pigment.  An  icterus  due  to  increased  destruction  of  blood-ceUs  can  occur 
only  when  at  the  same  time  there  are  present  in  the  liver  such  changes 
a.s  cause  a  paanage  of  the  bile  into  tfte  blood. 

The  (lUFstion  iis  to  wlictlicr  tlicrc  is  n  liicnialoccnoiis  as  well  as  a  hcpatogcnoiie 
JAuodicc  lias  long  iH'cn  an  ohjtct  of  di^iisslun.  and  rtmiiiiut  unHettlcd  Ht  tlie  present 
time,  iD  spite  of  nuineroua  experimenlul  in vcati nations  dire<:ti'd  towan)  its  solutiou. 
Since,  AS  a  matter  uf  fact,  biliviiliin  may  be  roniiiH]  in  llie  iiioat  different  kinds  of  tissue 
from  extravasatcd  blond,  the  occurrence  of  a  liU'Riatojiienous  icterus  would  a  jmrni  a\i- 
pear  very  nrolnbie.     Experimental  investigationa  as  I'l  the  I'estilta  uf  tJie  destrnetioii  of 
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red  cells  in  the  circulatjng  blood,  particularly  through  tlie  action  of  arsenic,  toluykih 
diamin,  and  potassium  chlorate,  have  shown  that  the  derivatives  of  blood-pigmeDt 
which  are  formed  in  the  tissues  and  there  retained  for  a  lon^  time  are  essentiallj  iro&- 
containing  pigments  (luemosiderin),  while  the  production  of  bilirubin  is  practically  con- 
fined to  the  liver,  which  for  the  time  being  secretes  an  increased  amount  of  richly  pig- 
mented bile. 

According  to  the  investigations  of  JfinlowMki  and  ^aunyn,  the  urine  of  geese  aod 
ducks  after  removal  of  the  liver  contains  no  bile- pigment — a  fact  which  would  indicate 
that  the  transformation  of  blood-pigment  into  bile-pigment  is  ordinarily  confined  to  the 
liver.  The  inhalation  of  arseniuret^  hydrogen  for  a  few  minutes  is  sutncient  to  produce 
in  geese  in  a  very  short  time  an  intense  polycholia  and  hsematuria,  the  urine  containing 
ha'inoglobin  in  solution,  disintegrating  red  cells  and  biliverdin.  If  the  liver  from  such 
a  goose  be  removed,  the  bili venlin  quickly  disappears  from  the  urine,  and  no  tract  of 
bile- pigment  can  be  demonstrated  in  the  blood.  It  is  therefore  evident  that  io  arsenic 
poisonmg  the  formation  of  the  bile-pigment  is  confined  to  the  liver,  in  which  organ 
leucocytes  enclosing  iron-containing  fragments  of  broken-down  red  cells  are  found  to 
be  present. 

In  so  far  as  it  is  possible  to  judge  from  the  experimental  investigations  which  hare 
been  made  up  to  the  present  time,  a  pure  hfematogenous  jaundice  does  not  appeur  U> 
occur.  The  mere  fact  of  the  occurrence  of  jaundice  after  intoxications,  inhalation  of 
ether  and  chloroform,  transfusion  of  blood,  snake-bite,  septicaemia,  typhoid  fever,  yel- 
low fever,  paroxysmal  hoemoglobinuria,  etc.,  cannot  be  taken  as  proof  of  the  existence 
of  a  hfematogenous  jaundice.  There  is,  indeed,  in  these  conditions  an  increased  destruc- 
tion of  red  blood^eelts;  but  bilirubin  is  essentially  a  product  of  the  liver,  and  if  jaundice 
occurs  it  can  be  due  only  to  the  fact  that  a  portion  of  the  bile-pigment,  which  is  pro- 
duced in  excess,  has  found  its  way  into  the  blood. 

According  to  twi  Kupffer  and  Pfeiffer,  the  bile-capiIlaries  terminate  in  intracellnlar 
secretory  vacuoles ;  from  these,  aqcording  to  Sauwerck,  Stroebe,  and  Browicz,  delicak 
intracellular  secretory  canaliculiare  given  off,  forming  a  nelwcrk  around  the  nucleus. 
According  to  Nauwirck,  the  internal  secretion  of  the  liver  also  takes  place  into  vory 
delicate  intracellular  canaliculi.  Schdfer  describes  small  nutritive  canaliculi  witliin 
the  liver-cell  communicating  with  the  blood-capillaries.  Arnold  opposes  the  tiev 
that  any  preformed  system  of  canals  exists  within  the  liver  cells. 

In  the  icterus  occurring  so  frequently  in  the  new-born  {Schmorl)  there  occurs  boih 
a  dilTuse  and  a  scattered  yellowish  coloration  of  the  brain  limited  to  the  neighborhood 
of  the  nuclei,  while  in  later  life  the  brain,  even  after  a  long-continued  icterus,  remairs 
free  from  pigment.  With  the  nuclear  icterus  there  are  also  found  ganglion-cells 
stained  with  bile. 
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§  73.  Pigmentation  of  the  tissues  through  substances  Introduced 
Into  the  body  from  without  occui-s  when  substances  possessing  a  color 
of  their  owu  gaia  eutrauce  in  some  manner  to  the  tissues,  where  they  are 
iibte  to  remain  for  some  time  without  suffering  changes.  The  number  of 
such  substances  is  large,  and  the  manner  of  entrance  varied.  The  most 
common  avenues  of  entrance  are  the  lungs,  ictmnda,  and  inteelinal  tract.     The 


Fig.  l:M.-Dep(jd(  of  cliuiibtir  la  tattooed  iklD.     (jllctAol.  alun  carmlDa.)    a,  £p1UwUum  :  b,  oorlum; 


most  familiar  pigmentation  through  wounds  is  tattooinff  of  the  skin,  which 
is  fre<inently  practised  by  individuals  of  civilized  as  well  as  of  uncivil- 
ized nations. 

Tlie  method  of  tattooing  colored  figures,  etc.,  consists  in  the  intn.- 
duction  of  insoluble  granular  pigments,  such  as  carbon,  india-ink,  ciu- 
iialKir,  sepia,  burnt  sienna,  ultramarine,  chromateof  lead,  etc.,  intosliglit 
wounds  of  the  skin.  The  pigments  are  rubbed  into  the  wounds,  whence 
they  penetrate  and  infiltrate  the  tissue  in  their  immediate  neighbor- 
hood.    A  portion  of  the  pigment  remains  in  the  eorium  (Fig.  i;i4,  c); 
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another  portion  is  carried  to  the  lymph-glauda,  which  thereby  become 
pigmented. 

The  lungs  and  their  lymph-glands  may  become  intccsely  pigmented 
tbrou{i;h  the  inhalatiou  of  colored  duM,  siicli  aa  coal-dust,  suot,  irou-diisl, 
etc.  Through  the  inhalation  of  coal-dust  the  lungs  may  become  wholly 
black. 

When  coal-dust  is  taken  into  the  lungs  in  the  respired  air  a  portion 
of  the  pigment  is  carried  to  the  i>eribrouchial  lymph -glands,  which  in 
consequence  may  become  black.  When  the  deposit  is  very  abuudaoi 
the  lymjili-glands  may  undergo  softening  aud  give  off  the  pigment  into  the 
lymph-stream.      If    the    glands   are 

situated   in  the   neighborhood  of    a  „  t>  , 

vein,   the    pigment-deposit   and   the  <»  ■'  m  3 

softening     may     involve    the    vein-  *  «      *     ^ 

wall,    so     that    finally   particles    of  *  ^  '- 

coal-dust  may  pass  into   the   blood-  ♦  '  *  ' 

stream,  and  be  carried   to  other  or-         *  i  *  * 

gHiis,    the    spleen,   liver,    and  bone-         •  1  •  «         ' 

marrow  (see  §  21).  *  »'  » "^        * 

From  the  inUstine  only  soluble  sab-  J  J  1 1 

stances  are  absorbed,  and  a  perma-  •  •,  •  *= 

neut  pigmentation  can  therefore  oc-  •  ■  S  ^ 

cur,  only  when  these  are  precipitated  J  j  t  ^ 

in  the  tissue  iu  a  solid  form,  which  •  <  •  • 

is  at  the  same  time  either  black  or  *  1  • 

possessing  some  color.     The  most  fre-  •  ' 

qnent  of  such  pigmentations  is  that  «  < 

known  as  argyria,  which  is  due  to  the  \  ! 

long -continued  use  of  silver- prepara-  •  * 

tions.     In  tliis  condition  the  skin  may  •»  -f* 

show  an  intense  grayish-brown  discol-  .        •  * 

oration,  and  the  internal  orgajis  may  •  * 

also  present  more  or  less  pigmenta-  \  ^ 

tiou.     The  silver  is  deposited  in  the  i  * 

ground -substance  of  the  tissues  in  the  * 

form  of  fine  granules,  more  especially     no.  laL-neporiu  of  nner  in  iba  vv^. 
in  the  glomeruli,  aud  the  connective  Ed!^"„L"U>nT^iv^»ui^S£^!^™™ 
tissue  of  the  medullary  pyramids  (Fig.   f^^^^^  ^^^^'^^fS'^^^^ 
125,  fc),  the  intima  of  the  great  res-  wim brown suvernruiuie*.   xsoa 
sels,  adventitia  of  the  smaller  ones,  iu 

the  neighborhood  of  the  mucous  glands,  the  papillie  of  the  skin,  con- 
nective tissue  of  the  intestinal  villi,  and  in  the  choroid  plexus  of  tlw 
lateral  ventricles.  Deposits  may  occur  also  in  the  serous  membraueft,  bat 
the  epithelial  tissues,  the  brain,  and  the  cerebral  vessels  escajie.  Exlen 
sive  deposits  of  silver  pigment  in  the  medullary  portion  of  the  kidiiejs 
may  lead  to  the  formation  of  hyaline  connective  tissue,  which  ina; 
undergo  calcification. 

Under  especial  conditions  iron,  when  taken  into  the  body  in  excessive 
amounts,  may  be  deposited  in  the  bone-marrow,  spleen,  and  lyniiili 
glands;  but  the  pigmentation  thus  produced  is  only  rarely  visible  toth 
naked  eye.  In  lead-potMomng  there  may  lie  seen  a  grayish-black  discoloi 
atiou  of  the  gums,  which  is  due  to  the  deposit  of  granules  of  sulphiile  0 
lead  in  the  connective  tissue  of  the  mucous  membrane.  They  are  pre 
duced  through  the  action  of  hydrogen  sulphide  upon  the  lead,  which  i 
present  in  solution  in  the  mucous  memhraue. 
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XV.  The  Pathological  Absence  of  Pigment. 

§  74.  The  absence  of  pigment  occurs,  in  the  firat  place,  as  a  congeni- 
tal couditiou,  and  is  then  termed  albinism  or  leucopathia  congenita. 

In  a  part  of  such  cases  the  absence  of 
pigment  extends  over  the  entire  body 
{albinismtia  univermlis,  Kdkerlaken,  alM- 
nos) ;  in  other  cases  it  is  restricted  to  cer- 
tain portions  of  the  skin  (alMnismus  par- 
tialis). In  those  parts  of  the  skin  which 
are  destitute  of  pigment  the  hairs  likewise 
may  contain  no  pigment,  and  appear 
white  or  yellowish- white  (poliosis  or  leu- 
cotrichia  congenita  universaliSy  et  circum- 
scripta). In  universal  albinism  the  pig- 
'  ment  of  the  retina,  choroid,  and  iris  may 

I.  also  be  wanting,  so  that  consequently  the 
choroid,  from  the  amount  of  blood  which 

'■.    it  contains,  appears  red,  and  the  iris,  ac- 

'  cording  to  the  angle  of  observation  and 
the  degree  of  illumination,  will  appear 

^  either  bluish- white  or  red.  On  micro- 
scopical examination  no  pigmented  cells 
can  be  found. 

A  second  form  of  absence  of  pigment 
is  that  condition  which  is  known  as  vitil- 
igo or  leucopathia  acquisita.  This  oc- 
curs later  in  life,  either  as  a  sequela  to 
certain  well-known  diseases  (scarlet  fever, 
typhus,  recurrent  fever),  or  as  a  symptom 
of  an  epidemic  disease  of  unknown  eti- 
ology (vitiligo  endemica),  or  finally  with- 
out any  recognizable  cause.  The  forma- 
tion of  white  spots,  within  which  the  hairs 
are  also  white  (leucotrichia  acquisita  cir- 
cumscripta), takes  place  usually  symmet- 
rically, and  may  extend  over  the  greater 
''^•;;SSXS"m  K!JtoiS?MQffir  part  of  the  body.  (Fig.  126).    The  white 
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areas  are  sarrounded  by  a  border  of  more  deeply  pigmented  skin ;  and 
this  suggests  that  with  the  disappearance  of  the  pigment  at  one  point  the 
pigment  is  transferred  to  adjacent  parts.  The  loss  of  color  in  the  hairs 
(even  as  in  old  age)  begins  always  in  the  root,  no  more  pigment  being 
transferred  from  the  hair-papilla  to  the  hair-biilb.  Finally  the  pigment- 
cells  of  the  papilla  disappear  altx)gether. 

A  third  form  of  loss  of  pigment  is  associated  with  traumatic  or  infec- 
tious inflammations  of  the  skin,  particularly  in  s^^philitic  exanthemata 
and  in  leprosy ;  this  condition  is  known  as  leucoderma. 

In  scars  of  the  skin  which  remain  white,  the  newly  formed  tissue 
replacing  the  defect  does  not  possess  the  power  of  producing  pigment; 
and  consequently  represents  a  colorless  cicatrix  covered  by  epitheliunu 
Not  infrequently  such  a  scar  may  be  surrounded  by  a  pigmented  border. 
In  mild  forms  of  inflammation,  in  which  the  tissue  of  the  skin  suffers  no 
loss  (syphilis),  the  disapj)eai'ance  of  color  maj'  immediately  follow  tbe 
inflammation,  or  not  until  later,  in  which  case  there  may  occasionally 
occur  a  preceding  stage  of  increased  pigmentation.  According  to  Ehr- 
mann the  lack  of  pigment  in  such  cases  is  to  be  explained  either  by  the 
fact  that  no  chromatophores  are  present  in  the  corium  to  furnish  pigment 
to  the  epithelium,  or  the  changed  epithelium  is  not  able  to  take  up  the 
pigment  from  the  latter  when  present.  The  pigment  which  still  remains 
in  the  cutis  may  then  be  absorbed. 

According  to  Muncfi,  vitiligo  is  of  common  occurrence  in  Turkestan,  and  is  consid- 
ered bv  the  natives  (Sarts)  to  be  contagious,  so  that  they  isolate  the  individuals  affected 
with  this  disease  and  confine  them  with  lepers  in  enclosed  courts.  It  is  probable  that 
in  the  literature  vitiligo  endemica  has  been  many  times  mistaken  for  lepra  maculosa, 
and  has  been  described  under  the  designation  ^  white  leprosy  of  the  Jews. " 
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XVI.  The  Formation  of  Cysts. 

§  75.  A  cyst  is  a  circumscribed  cavity  which  is  shut  oflF  from  the  sur- 
rounding tissues  by  a  connective-tissue  membrane  or  by  tissue  of  a  more 
complex  structure,  and  possessing  contents  diflTering  in  nature  from  tbe 
capsule.  Cysts  may  occur  in  any  tissue.  When  composed  of  but  a  sui- 
gle  chamber,  the  cyst  is  called  a  simple  cyst ;  when  divided  into  a  number 
of  compartments,  it  is  known  as  a  mtdtiloctdar  cysL 

The  most  common  form  is  the  so-called  retention-cyst,  which  niistTt 
from  the  accumulation  of  secretions  in  preexisting  spaces  which  are  lined  fcith 
epithelium  or  endothelium. 

In  glands  provided  with  an  open  duct,  retention-cysts  will  be 
formed  as  the  result  of  the  obstruction  of  the  duct,  provided  that  actively- 
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secreting  epithelium  still  exists  behind  the  point  of  obstractioD.  Such 
cysts  are  of  frequent  occurrence  in  the  sebaceous  glands,  hair-folUcles, 
nterine  glands,  mncons  glands  of  the 
intestinal  tract,  tubules  of  the  epidi- 
dymis (Fig-  1-7.  c),  urinary  tubules; 
less  frequent  in  the  biliary  passages, 
in  the  bi'east,  panci'ens  (Fig.  128,  b),  in 
the  glands  of  the  month,  etc.  Larger 
open  canals,  sncU  as  the  ureters,  vermi- 
form appendix,  and  tultes  (Fig.  129,  c), 
'  may  also  nudergo  cystic  dilatation  as  the 
result  of  the  collection  of  secretions. 
The  obstruction  of  a  given  duct  may 
be  due  to  accumulation  of  secretion,  to 
the  formation  of  adhesions  (Fig.  129,  e), 
cicatricial  obliteration,  compression,  or 
*       constriction  of  its  lumen. 

Closed  glandularcavities  and  tubes. 
such  as  the  follicles  of  the  thyroid  and 
the  glandular  tubes  of  the  parovarium, 
no.  iz7.-BecUoii  of  am  iwtieie  ind     "n^?  "'1**  become  cystic  when  their  vails 
'P'?i''^S!&.^'"','"'""P!JiJ?"'S  ""'.J^     produce  an  abnormal  amount  of  secre- 
mti:  c.  miiuiiociii>rcrsiB.Bii»bUjn!dutwd.     tiou.     Likcwise,   the   remains  of  fetal 
passages  and  clefts,  as,  for  example,  re- 
mains of  the  branchial  clefts,  urachus,  Muller's  ducts,   etc.,  may  also 
become  cystic. 

Small  cysts,  snch  as  those  developing  in  mucous  glands,  vary  in  size 
from  a  millet  seed  to  that  of  a  pea.  T^arger  eysts,  such  as  occur  in  the 
liver  and  ovaries,  may  attain  the  size  of  a  list  and  even  larger. 

The  contents  of  cysts  depend  upon  the  nature  of  the  tissue  in  which 
tliey  are  formed.  Thus  the  cysts  of  tbe  sebaceous  glands  and  hair-folli- 
cles (athermna)  cootain  a  pultaceous,  white,  or  grayish -white,  more  rarely 
brown,  mass,  which  consists  essentially  of  squamous  cells,  in  part  show- 
ing cornification,  and  also  of  fat-globules  and  cholesterin.  The  C3rsts  oe- 
curriug  in  mucous  glands  contain  a  mucous  fluid  which  is  either  clear, 
or  white  and  cloudy,  as  tbe  result  of  the  presence  of  cellular  elements. 


n.  niand-tlmie ;  b,  cjMi ;  e. 
Nalural  Kite. 

Htemorrhage  into  a  cyst  from  the  cyst- wall  gives  a  red  or  brown  color  to 
the  contents.  "When  great  numbers  of  cells  are  present  in  the  cyst -con- 
tents, this  may  become  converted  into  a  semi-solid  fatty  mass,  which 
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may  undergo  calcificatiou.  Cysts  of  the  tbyroid  and  kidneys  contjui 
colloid  masses,  or  a  clear  though  occasiuually  cloudy  fluid. 

Retention-cysts  lined  with  endothelium  may  develop  from  blixxj 
and  lymph- vessels,  1yniph-s|>ace8,  burste,  and  teudon-sheaths.  Here  aK 
the  content  of  the  cyst  is  dependent  upon  its  place  aud  mode  of  origiu. 

An  retentioii-eysts  iucivase  iu  size  the  stretching  of  the  cystwui 
would  ultimately  lead  to  a  defect  iu  the  contiuuity  of  the  wall  if  no  nev 
fonntdion  of  tissue  took  place.  Cyst  formatiou  is,  therefore,  not  purflj 
a  degenei-atixe  process;  such  a  new  formation  of  tissue  takes  place  trs 
iu  the  epithelial  or  endothelial  lining  of  the  cyst,  but  the  connective 
tissue  elemeuts  of  the  wall  also  increase,  so  that  iu  spite  of  the  stretcbiu; 
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the  wall  of  the  cyst  t>ecomes  no  thinner,  and  under  certain  conditioci 
may  eien  increase  in  thickness.  Moreover,  cyst  formation  is  ofte 
associated  with  a  pathological  formation  of  new  glandular  tlssui 
and  in  this  way  constitutes  a  secondary  change  in  hypertrophic  or  tumoi 
like  growths.  It  is,  therefore,  sometimes  impossible  to  draw  a  sharp  liv 
between  the  simple  cystic  dilatations  of  preexisting  gland-canals  an 
gland-spaces,  and  those  tumors,  the  cystomata,  which  are  characterize 
by  cyst  formation  (see  Cystoma).  Endothelitd  cygta  may  aUo  detelop  oi 
of  rtf^y  formed  lymph-spaces  and  lymph-vessels. 

A  second  form  of  cyst  is  the  deseneratlon-cyst,  which  arises  throng 
the  partijil  disintegration  and  liqiief action  of  a  tissue.  Cysts  fonned  i 
this  manner  occur  in  the  brain,  hypertrophic  thyroids,  and  in  tumor 
They  may  contain  a  clear  or  cloudy,  or  at  times  biemorrh^ic  exuilate. 

A  third  form  of  cysts  results  from  the  formation  of  a  connective 
tissue  capsule  around  foreign  bodlesi  which  have  found  entrance  to  tli 
tissues,  as,  for  example,  attout  a  bullet ;  or  also  about  necrotic  areas,  t 
h&morrhaelc  extravasates. 

A  fourth  variety  of  cysts  is  formed  by  parasites  which  pass  throng 


CYST-FORMATIOX.  261 

a  cystic  stage  in  the  course  of  their  development  in  the  body,  and  are 
likewise  surrounded  by  a  connective-tissue  capsfule. 
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CHAPTER  VI. 

Hypertrophy  and   Regeneration.     Results  of  Tissue- 
Transplantation.    Metaplasia. 

I.  Oeneral  Considerations  Concerning  the  Processes  Known  a. 
Hypertrophy  and  Regeneration,  and  the  Accompanying  Ceiiula 
Changes. 

§  76.  In  a  general  sense,  hypertrophy  is  an  increase  in  the  size  of  < 
tiMtue  or  organ,  due  either  to  an  increase  in  the  size  or  in  the  number  of  the  m 
dimdual  elemenU,  in  snch  a  way  that  the  structure  of  the  hypertrophi 
tissue  is  like  tJiat  of  the  nor- 
mal, or  at  least  does  not  differ 
essentially  from  it. 

In  a  more  limited  sense  hy- 
pertr<^hy  w  an  increase  in  size 
due  to  an  enlargancnt  of  the  in- 
dividual clemenis  alone;  the  en- 
largement due  to  an  increase  in 
the  number  of  the  individual  ele- 
menis  being  designated  as  hy- 
perplagia. 

Hypertrophy  may  result 
from  morbid  impulses  inherent 
in  the  germinal  cells,  or  from 
influences  acting  during  the 
life  of  the  individual. 

If  au  abnormal  tissue-in- 
crease occurs  during  the  period 
of  embryonal  deveJopment,  or 
of  extra-uterine  growth,  and  if 
no  influences  are  recognizable 
that  would  account  for  the  in- 
creased growth,  the  condition 
may  be  explained  as  the  result 
of  a  congenital  predlsposlti<m, 
and  may   be  designated  as  a 

hypertrophy    due   to    a    con-  fw.  m-Eleph.DUMBremoramDeuronuUo«. 

genital  aniage.  If  the  en- 
largement affects  the  entire  body,  for  example,  if  a  newly  born  chil 
■weighs  5-8  kgni.,  or  if  an  individual  sboold  reach  the  height  of  lSO-i( 
cm.,  the  condition  is  called  a  general  giant  growth.  When  the  e 
largement  affects  only  individual  parts  of  the  body,  as,  for  example,  tl 
entire  head  or  one-half  of  it,  or  one  extremity,  or  a  finger,  or  the  vulv 
it  is  called  a  partial  giant  growth.  The  giant  growth  of  several  par 
of  one  side  of  the  body  is  designated  a  halfffiant  groicth  ;  one  involvii 
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all  the  body-parta  is  very  rare.     Hypertrophic  growths  of  the  skin  and 

subcutaneous  tissues,  leading  to  a  disfigurement  suggesting  the  appear- 
ance of  the  skin  of  the  pachydennata, 
are  known  as  elephantiasis  (Figs,  i:^, 
131). 

In  hypertrophic  growth  of  an  ex- 
tremity or  of  a  finger  all  the  elements 
of  the  same  are  uniformly  enlai^ed. 
In  elephantiasis  of  the  extremities  the 
connective  tissue  of  the  skin  and  sub- 
cutaneous structures  is  especially  likely 
to  become  increased;  but  the  develop- 
ment and  structure  of  these  growths 
vary  greatly.  In  one  ease  all  the  coji- 
nective- tissue  elements  may  be  luiiform- 
ly  increased,  in  another  case  only  indi- 
vidual elements;  as,  for  example,  the 
connective  tissue  of  the  nerxes,  blood- 
or  lymph-vessels;  or  at  least,  the  path- 
ological new-formation  takes  its  start 
from  these.  It  is  therefore  possible  to 
distinguish  different  forms  of  elephan- 
tianig  according  to  the  structure  of  the 
hypertrophic  part:  el^hantiaais  neuro- 
vuitoaa  (Fig.  l.'tO),  angiomatota,  lymphan- 
giectatica  (Fig.  131),  lipomatom,  fbrom, 
etc. 

If,  as  a  result  of  some  peculiar  pre- 

no.i3i.~Ei^ii»nUMUenirt«iTOpbMi.        disposition  of  the  skin,  there  occurs  a 

sieciatica.  hypertrophy  of  the  horny  layer  of  the 

epidermis  (Fig.  132,  c),  so  that  the  skin 

becomes  covered  with  homy   plates,  scales,  or  eveu  with  spines,   tiie 

condition  is  designated  ichthyosis. 


).  paplllsrr  body,  w.,„ ^^ -.  -, , 

ilea,  lined  wltb  bonir  eplUiellum  ;  c,  btin. 
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This  cbauge  may  be  present  evoii  at  birth  {ichOtyoms  conffenHa) ;  aud 
the  new-boru  child  (Fig.  133}  may  be  wholly  covered  with  hard  homy 
plates,  wMch  have  been  split  open  at  different  poiuts  as  the  result  of  the 
growth  of  the  underlying  tissues. 
The  pathological  coruificatiou  af- 
fects chiefly  the  surface  (Fig.   132, 
c),   but  may  extend  also  into  the 
hair-follicles  (Fig.  132,  d). 

In  other  cases,  at  a  later  period 
of  development,  aa  during  the  first 
years  of  life,  localized  thickenings 
of  the  horny  layer  may  develop, 
consisting  of  either  small  scales  or 
plates,  or  larger  ones,  giving  the 
skiu  a  rough  and  checkered  ap- 
pearance. The  corium  and  the 
papillse  are  usually  not  involved  iu 
the  ichthyosis;  but  occasionally  the 
papillary  bodies  may  be  hypertro- 
phic and  enlarged,  thus  increasing 
the  rough  and  nodular  appearance 
of  the  surface  iKhthyosis  hygtrix). 
"When  the  excessive  cornification 
is  sharply  limited  to  areas  of  small 
size,  there  are  formed  circum- 
scribed waits  with  rough,  epithelial 
covering,  which  are  kuown  us  icA- 
thyotic  vnarU.  In  rare  cases  there 
may  be  developed  a  more  exten- 
sive horny  layer  over  the  hyper- 
trophic papillie,  whose  scales  are 
arranged  at  right  angles  to  the 
surface  of  the  skin ;  aud  these  oc- 
casioually  may  attain  to  such  size 

that  they   are   called  cutaneous  Fio.i33.-wrtbT«*ioc»wnii.. 

horns  (Figs.  134,   135). 

The  hypertrophic  development  of  hair  over  those  parts  of  the  bod; 

where  only  downy  hair,  or  even  no  hair  at  all,  should  be  found  is  knowi 

as  hypertrichosis.     Such  an  abnormal  hairiness  may  cover  a  largf  r  oi 

smaller  area  of  the  body 

aud  depends  either  npoi 

a  persistence  and  abiior 

mai  development  of  tbi 

lanugo   (hypertrichosi! 

>      lannginosa  foetalis)  (Fit: 

136),  or  upon  a  patholo 

gical  development  of  thi 

secondary  hairs.     An  ei 

Yte.  IW  -Cornu  coKneum,  Tin.  ISt.-Carnu  cutaneum,         CeSSJve  growth  of  the  lliUl^ 

ftom^UK*  o(  tond.    <Naliiral  Inmum.    (Natural slz«.)  Jeads      tO      the     COnditloi 

known  as  hyperonyciiia. 
which  is  often  followed  by  a  claw-like  deformity  of  the  same  desig 
nated  onychogryphosw.  It  is  to  be  noted,  however,  that  the  pathoI<¥ 
ical  overgrowths  of  the  nails  aie  usually  acquired. 
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Next  to  the  eiilai^meots  associated  with  general  or  partial  giautism 
the  bones  most  frequently  uudei^o  a  form  of  hypertrophy  corresponding 
to  the  congenital  elephantiasis  of  the  skin.  The  head  is  usually  affected. 
tlic  bones  of  which  may  undei^o  a  very  marked  eulai^ment  (Fig.  137), 
leading  to  adeformify  in  which  the  patient's  head  comes  to  resemble  that 
of  a  lion,  hence  the  name  leontlasts  ossea.  Further,  there  often  develop 
upon  the  skull  or  other  bones  of  the  body  circumscribed  bony  growths 
known  as  exostoses,  which  are  inherited  and  not  dependent  upon  extriu- 
Bic  induences. 

In  the  internal  organs  hypertrophic  processes  dependent  purely  upon 
intrinsic  causes  are  rare;  but  the  brain,  for  example,  may  reach  an 
abnormal  size. 

It  cannot  always  be  definitely  stated  to  what  extent  hypertrophy  of 
the  tissues  is  to  be  attributed  to  a 
congenital  predisposition,  inas- 
mnch  as  many  extrinsic  influences 
are  able  to  produce  proliferations 
of  tissue  similar  to  those  dne  to 


intrinsic  causes.  For  example,  cutaueons  horns  and  eleplianttasis-like 
thickenings  of  the  skin  may  develop  as  the  result  of  inflammatiou. 

In  general,  the  early  appearance  of  a  hypertrophic  growth,  the 
hereditary  nature  of  the  patboli^cal  peculiarity,  and  the  absence  of  any 
external  etiological  factor,  speak  for  the  congenital  nature  of  the  condi- 
tion. The  fact  that  later  Influences  may  apparently  cause  the  growth 
does  not  preclude  the  existence  of  a  congenital  predisposition.  Thus  the 
excessive  bony  growths  of  the  head  above  mentioned  may  follow  trauma 
or  acute  inflammations.  External  influences  may  tliei-efore  t>e  the  excit- 
ing cause  of  the  proliferation,  but  not  the  primary  cause  of  the  same; 
since  we  know  by  experience  that  the  given  injurious  influences  are  able 
to  produce  such  changes  only  in  tissues  possessing  a  special  predisposi- 
tion. 

Not  infrequently  an  abnormal  tendency  to  excessive  growth  may  show 
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iteelf  iu  a  premature  development  of  certain  organs,  the  structure  remaining 
normal.  The  exterual  and  internal  sexual  organs  are  most  frequently 
affected.  Girls,  even  in  the  first  years  of  life,  may  show  a  development 
of  breasts  and  external  genitals  and  a  growth  of  hair  corresponding  to 
that  of  the  sexually  rix>e  woman ;  and  menstruation  may  be  established 
at  this  early  period. 

The  size  of  the  entire  body  as  well  as  of  its  separate  parts  and  organs  shows  can- 
siderable  variation  within  physiological  limits,  according  to  the  race,  family,  and  indi- 
vidual. The  variation  in  the  relation  of  the  size  of  single  parts  and  organs  to  that  of 
the  entire  body  is  less  marked. 

Tlie  average  height  of  the  body  in  well-built  individuals  is,  according  to  Vierordt 
("Daten  u.  Tabellen  fftr  Med.,"  Jena,  1893),  as  follows:  ^len  172  cm.,  women  160  cm. ; 
of  the  new-bom,  males  47.4  cm.,  females  46.75  cm.  The  average  body -weight  in 
Europe  is  for  men  about  65  kgm.,  that  of  women  about  55  kgm.,  tliat  of  the  new-bom 
about  3,250  gm. 

The  average  weight  of  the  intemal  organs  is  as  follows,  the  figures  in  parentheses 
being  for  the  new-bora :  Brain  1.397  (385)  gra. ,  heart  304  (24)  gm. ,  lungs  1,172  (58)  gm., 
liver  1,612  (118)  gm.,  spleen  201  (11.1)  gra.,  right  kidney  131,  left  kidney  150  gm.,  both 
kidneys  299  (23.6)  gm.,  testicles  48  (0.8)  gm.,  muscles  29,880  (625)  gm.,  skeleton  11.560 
(445)  gra.  Expressed  in  percentages  of  the  body-weight  the  figures  for  adults  and  new- 
bora  are  (the  latter  in  parentheses):  Heart  0.52(0.89),  kidneys  0.48  (0.88),  lungs  2.01 
(2.16),  stomach  and  intestines  2.34  (2.53),  spleen  0.346  (0.41),  liver  2.77  (4,30).  brain  2.37 
(14.34),  adrenals  0.014  (0.31),  thymus  0.0086  (0.54),  skeleton  15.35  (16.17),  muscles  43.09 
(23.4).  , 
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g  77.  The  hypertrophies  of  the  tissues  due  wholly  to  extrinsic 
influences  without  the  aid  of  a  congenital  predisposition  owe  their 
origin  either  to  au  iucrease  in  the  activity  of  the  tissue,  to  diminished 
use,  defective  retrograde  chaiige,  or  finally  to  prolonged  or  frequently 
repeated  mechanical,  chemical,  and  infectioua  irritations  of  the  tissues. 
Under  certain  conditions  the  removal  of  pressure  may  also  give  rise  to  a 
localized  hypertrophy. 

Hypertrophy  from  overworlc  is  most  frequently  observed  in  the  ease 
of  muadet  aud  glands,  but  may  occur  also  in  other  tissues.  If  the  heart  is 
called  upon  to  do  an  extra  amount  of  work  as  the  result  of  diseased  con- 
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ditions  of  the  valves,  aorta,  or  kidneys,  and  if  such  conditions  exist  for 
some  time,  that  part  of  the  heart-muscle  upon  which  tbe  exti-a  work  falls 
suffers  a  more  or  loss  pronounced  hyperti'ophy  (Fig.  138),  so  that  as  a 
result  Ihe  mass  of  the  heart  may  reach  threefold  that  of  the  normal. 

In  a  similar  manner  the  xlriated  mugdea,  and  the  utiMriped  muscle  of  the 
bladder,  ureters,  tUertu,  intestine,  and  blood-vessels  may  tiecome  hypertrophic 
as  the  result  of  persistent  increase  in  their  activity. 

As  the  resnlt  of  an  increase  of  the  supporting  strain  from  whatever 
Kuise  the  bones  may  become  thickened,  and  the  bony  trabecule  of  the 
medullary  portion  hecome  increased  in  size. 

Of  the  glands,  the  kidneys,  and  liver  in  particular  are  able  to  change 
their  size  according  to  the  functional  demands,  and  may  consequently 
present  a  marked  hypertrophy.  Shonld  one  kidney  be  destroyed  the 
remainiug  one  may  become  so  enlai^ed  that  it  may  reach  approxioiately 
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the  same  weight  that  the  two  kidneys  t<^ther  originally  i 
Likewine  the  liver  after  a  destniction  of  a  part  of  its  parenctiTiua 
through  disease  may  make  good  its  loss  by  a  hypertrophy  of  the  remaiu- 
ing  tissue.     Since  in  this  way  a  compensation  for   the  defect  and  a 
restoration  of  the  normal  function  is  brongbt 
alrant,   such  a  t issue -incn^ase   may  be  ap- 
propriately designated  compensatory  hy- 
pertrophy.    The  same  term   may  also  be 
applied  to  muscle-hypertrophy,  if  thnmgU 
it  functional  disturbances  are  compensated. 
A  similar  compensatory  hypertrophy  is  siiid 
to  occur  also  in  the  case  of  adrenal  tissue. 
In  the  case  of  other  glands,  snch  as  tLe 
salivary  glands,  ovaries,  testicles,  and  mam- 
mary glands,  such  a  compensatory  Lyper- 
tropliy  eillier  does  not  occnr  at  all,  or  takes  place  only  during  Ibe 
{HtrliHl  of  development.     The  loss  of  an  ovary  or  testis  in  adult  life  can 
hardly  result  in  an  increased  activity  or  hypertrophy  of  the  remaining 
organ.     Extirpation  of  the  larger  part  of  the  thyroid  gland  isnotfol- 
IowihI  by  any  pronounced  hypertrophy  of  the 
reimiining  portion ;  but,  on  the  other  hand,  the 
liyiKiphysiii  undergoes  an  enlargement  which 
must  bo  regarded  as  compensatory.     In  the 
case  of  the  lungii,  an  increiise  in  the  activity  of 
on<t  portion  after  the  loss  of  other  parts  re- 
sults usually  iti   a  permanent  overdistention 
which  may  lead  eventually  to  atrophy.     On 
the  other  hand,  if  during  embryonic  life  a  de- 
fw'tivo  development  of  one  lung  takes  place, 
thu  other  lung  may  undergo  a  compensatory 
growth,  which  in  the  ease  of  total  agenesia  of 
one  lung  may  reach  a  very  pronounced  d^ree. 
For  the  other  organs  the  general  principle 
may  l>o  applied  that  compensatory  hypertro- 
phy is  the  more  i>erfect  the  younger  the  indi- 
vidual.    In  the  case  of  the  brain  a  compen- 
satory grtiwtli  of  one  part  after  the  loss  of 
another  is  ptwwible  only  during  the  early  stages 
of  development. 

Hypertrophy  from  lessened  use  occurs  in 
the  eiux^  of  tissues  which  are  subjected  to  a 
constant  use.  Thus,  for  example,  a  diniin- 
(sIhhI  dctkiuaniation  of  the  homy  layer  of  the 
epidermis  leiuls  to  its  itathoU^ienl  thickening. 
If.  as  the  n-wult  of  the  destniction  of  an  op- 
{Htsing  liMilh  or  an  oblique  position  of  the 
te(>th,  the  iiieis«>r  tiH'lh  in  rwlenls  are  not 
worn  «lowii  by  use,  they  may  grow  out  into 
Ituig  and  eurvett  tusks  (Fig.  i;i9>.  Likewise 
the  tluger-  and  toenails  may  reach  an  ab- 
uoniial  siie  eilher  from  lack  of  wear  or  from 
being  left  uncut.  Hypertrophy  due  to  de- 
tective retrograde  change  occurs  in  organs  which  after  a  defioitf. 
period  uf  physiulugivttl  growth  undergo  a  diniinutioD  in  sice.     For  ex- 
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ample,  the  ntems  after  preguaucy  may  retiiain  abnormally  large  as  the 
resnlt  of  a  failure  of  iiivohitlon.  The  thy luiut gland,  which  should  begin 
to  atrophy  after  the  tenth  year  of  life,  may  persist  for  a  much  longer 
period  than  normally.  In  bones  whose  configui-ation  lias  been  brought 
about  under  the  influence  of 
the  surroundings  by  means 
of  an  alttTualiou  of  build- 
ing-up and  tearing-down,  a 
lessening  of  pressure  may 
be  followed  by  hyiteitrophy. 
In  idiots  whose  braius  are 
deficient  iu  size  there  is  very 
often  seen  a  hyperostosis  of 
the  inner  surface  of  the  base 
of  the  skull  (Chiari).  A 
unilateral  hyperostosis  of 
thesknll  is  associated  with 
a  unilateral  hypoplasia  of 
the  brain. 

Frequently  repeated  or 
long-protracted  mechani- 
cal, thermal,  chemical,  or 
infectious  Irritations  give 
rise  to  proliferative  proc- 
esses leading  to  tissue-hy- 
IR'rtrophies,  which  accord- 
ing to  their  etiology  and 
eourse  must  be  regarded  as 
chronic  inflammations;  and 
such  new-formations  of  tissue 
may  therefore  be  regarded  as 
an  inflammatory  tissue-hy 
»wi«.-A.-„.mep.iy.»^,»>iinB»Erb«n<i*rn<.i.i.  io>««K  pertfophy.  They  are  char - 
•rtOnipBiw.stconiinit  to  Marie  and  »oum-i*iie.)  acterized  Very  often  by  the 

fact  that,  in  the  enlargement 
of  the  organ,  not  all  of  it^  parts  are  equally  involved  in  the  hypertrophy; 
but  certain  individual  elements,  usually  the  connective  tissue,  occasion- 
ally also  the  epithelium,  undergo  hypertrophy  to  an  especial  degree,  so 
that  the  structure  of  the  organ  (skin,  gland,  etc.)  i»  no  lot^er  wholly 
t^irat. 

If  the  skin  is  frequently  subjected  to  mechanical  irritation  and  press- 
ure, as,  for  example,  the  toes  through  au  ill-fitting  boot,  there  may  arise 
in  consequence  thickenings  of  the  horny  layer  of  the  epidermis,  known 
as  ciiUuii  or  com  (clamts).  Prolonged  irritation  of  the  skin  iu  the  neigh- 
borhood of  the  genital  openings,  cause<l  by  gonorrhoeal  dischai^es,  may 
eaii»e  a  marked  elongation  and  branching  of  the  papillie  with  an  accom- 
]>:uiying  thickening  of  the  epithelium,  leading  to  the  fonnation  of  the 
warty,  cauliflower-like  growths  known  as  venereal  warts  or  condylonuOa 
aeuminata.  Chronic  inflammations  of  tliecorium  and  subcutaneous  tis- 
sue, due  to  infection  or  to  animal  parasites  {FilaiHa  JJancroJli),  not  infre- 
ijuenlly  gi\e  rise  to  extensive  fibrous  hypertrophies  of  the  tissue  known 
as  e/^kantiaxis  (Fig.  140).  Such  elephantiasic  hypertrophies  of  the  tissue 
may  attain  extiaordinary  proportions.  In  a  similar  manner  there  may 
o.-'our  in  the  bones,  as  the  re-sult  of  chronic  infectious  processes  (syphitiM, 
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for  example),  extensive  hypertrophies  characterized  by  an  increai 
formatiou  of  booe-substance. 

In  the  majority  of  cases  of  those  tissne-hypertrophies  which  app 
during  the  coarse  of  life  as  acquired  formations  caused  by  external  iol 
euces,  the  caiua  effideas  may  be  recognized  with  more  or  less  certain 
but  there  are  also  many  cases  in  which,  at  the  present  time,  this  is  eiil 
wholly  impossible  or  possible  only  to  a  limited  extent.  For  esamp 
there  occur  eniargemetUs  of  tJis  ^een,  and  of  the  lymphadenoid  ti»stte  of  i 
lymph-glands  and  of  the  lymph-nodes  in  the  mucous  membranes,  whi 
are  of  the  nature  of  hypertrophies,  whose  causes  we  are  unable  to  ren 
nize.  Very  imperfect,  also,  is  our  knowledge  concerning  the  etiology 
the  eniargements  of  the  dit^  portuma  of  the  exiremUieg  (Fig.  141),  rese 
bling  partial  giaut-growth,  which  have  been  described  as  acromep 
(Marie),  pachyakrla  {von  Eecklinghauseu),  and  o^^oarihropathk  hi/p 
tro^iante  (Marie).  In  a  part  of  these  cases  there  are  an  associated  < 
largement  of  the  bones  of  the  face  and  deformities  of  the  spinal  colus 
These  changes  appear  usually  in  youth  or  middle  age,  rarely  in  old  aj 
and  show  a  gradual  development. 

So  far  as  anatomical  investigations  have  been  able  to  throw  lig 
upon  this  question,  the  pathological  change  consists  in  an  increase  of. 
the  tissues  of  the  terminal  portions  of  the  extremities  and  of  the  face, 
particular  of  the  bony  parts,  in  that  the  bones  become  thicker  (Fig.  14 
and  at  the  same  time  become  the  seat  of  rounded  or  pointed  exostos 
On  the  other  hand,  an  increase  in  the  length  of  the  bones  has  not  j 
been  demonstrated  with  certainty  in  this  disease  (von  Becklingbausc 
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Arnold).  The  disease  suggests  those  changes  which  are  seen  as  the  r 
suit  of  certain  intoxications  or  infections,  for  example,  syphilis,  but 
is  not  possible  at;  the  present  time  to  assign  to  it  any  definite  cjiuse. 

The  cauBC  and  nature  of  these  palboli^cal  phenomeiiBareaBj'etobKurE:  andi! 
terma  mentioned  above  are  not  used  by  all  authors  with  tbe  same  mesninR,  In  Ct 
many  the  denguation  acromegaly  is  applied  to  all  fonna  of  enlargement  ot  lie  ends 
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the  extremities  which  lead  to  a  paw-shaped  defonnity  of  the  hands  and  a  gigantesque 
appearance  of  the  feet,  while  MariCf  who  first  described  these  conditions,  attempts  to 
draw  a  sharp  line  between  acromegalv  and  ost^oarthropathie  hyper trophiante.  He 
holds  that  in  acromegaly  the  hands  and  feet  are  not  deformed,  but  are  symmetrically 
enlarged,  the  thickening  and  broadening  diminishing  toward  the  tips  of  the  extremities, 
so  that  the  terminal  plmlanges  of  the  fingers  and  toes  are  but  slightly  thickened,  while, 
on  the  other  hand,  m  ost^oarthropathie  hvpertrophiante  the  terminal  phalanges  are 
enlarged  so  as  to  resemble  drumsticks,  and  the  articular  ends  of  the  bones  are  irregularly 
thickened.  In  the  first  affection  the  lower  jaw  is  lengthened,  in  the  latter  it  is  thick- 
ened. Marie  believes  that  in  many  cases  ost^oarthropathie  hyper  trophiante  is  a 
sequela  of  inflammatory  affections  of  the  lungr  and  pleurse,  and  aesignates  the  con- 
dition accordingly  as  ost^oarthropathie  hypertrophiante  pneumique,  and  holds  that 
the  connection  between  these  processes  is  to  be  found  in  the  taking  up  into  the  body- 
fluids  of  poisonous  products  from  the  inflammatory  foci  in  the  lungs,  so  that  the  affec- 
tion of  the  bones  is  to  be  regarded  as  an  infectious  toxic  hypertrophic  inflammation. 

By  other  authors  the  causes  of  acromegaly  and  ost^oarthropathie  hypertrophiante 
are  to  be  sought  in  a  congenital  predisposition  (FtrcAou*),  in  disturbances  of  the  sexual 
function  (Freund),  in  a  diseased  condition  of  the  hypophysis  {H enrol,  Kl^a,  Tamburini, 
von  Hdnsemann,  Benda,  Stevens) ,  in  persistence  of  the  thymus  (ffr6,  Klebs),  or  in 
nervous  influences  (von  Recklinghausen)]  but  none  of. these  hypotheses  is  adequately 
supported  by  anatomical  and  clinical  observations.  The  frequent  association  of  acrome- 
galy with  tumors  of  the  hypophysis  of  different  kinds  has  been  definitely  determined, 
but  the  character  of  the  tumors  in  some  cases  would  indicate  an  increase  of  function, 
in  other  cases  a  diminution  or  loss  of  the  same.  Cagnetto  is  therefore  of  the  opinion  that 
a  primary  disturbance  of  metabolism  underlies  the  condition  of  acromegaly,  so  that  both 
the  bones  and  the  hypophysis  are  stimulated  to  hyperplastic  proliferation.  Although 
the  investigations  made  up  to  the  present  tune  do  not  permit  a  positive  conclusion  as 
to  the  nature  of  these  conditions,  they  show  that  they  do  not  represent  an  excessive 
growth  similar  in  nature  to  a  partial  giant  growth,  but  are  acquired  diseased  conditions, 
which  develop  either  as  independent  diseases  (acromegalv,  pachvakria),  or  as  sec- 
ondary phenomena  in  the  course  of  other  diseases  (ost^oarthropathie  hypertrophiante 
pneumique). 

The  cause  of  the  nodular  hypertrophy  of  the  thyroid  gland,  occurring  so  fre- 
quently in  many  regions,  is  wholly  unknown. 
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§  78.  Regeneration  is  ihs,t  proccwt  throtigh  which  tfsfmes  whirh  Juire  h^en 
dentroyed  are  redored.     Under  especial  conditions  this  restoi-ation  may 
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be  brouglit  abont  by  an  enlai^ment  of  exiBting  parte  of  cells  f  regenera- 
tion of  axis-cylinders"),  but  it  is  wmaUt/the  remltof  newformation  of  ceUa, 
tchick  ■'.rise  in  ail  cases  tltrmigh  the  divmon  of  preexintiag  cells. 

Kegeneration  presupposes  that  the  Injured  tissue  is  capable  of  pro- 
liferation, and  is,  moreover,  a  phenomenon  which  is  in  all  caws  depend- 
ent upon  extrinsic  causes.  In  the  fully  developed  organism  in  which 
the  different  tissues  and  organs  have  i«ached  their  ultimate  differentia- 
1  ion.  each  tutMne  can  produce  only  new  tiMue  of  it»  otcn  or  a  closely  related 
kiml.  The  specificity  of  the  tissues  is  of  so  decided  a  nature  that  epi- 
tliflial  ceils  can  never  give  rise  to  connective  tissue,  nor  can  the  latter 
ever  pi-oduce  epithelium.  Ectodermal  cells  cannot  produce  intestinal 
epithelium ;  kidney  epithelium  can  produce  only  celU  having  the  charac- 
ter of  kidney  epithelituu,  but  never  liver-cells  or  those  of  mucous  glands, 
or  ronncctive  tissue.  Muscle-tissue  can  arise  only  from  mnscle-cclls. 
Xerve.s  and  nenroglia  can  never  arise  from  connective  tissue.  Only  cells 
which  are  verj'  closely  related  to  each  other  can  arise  from  the  same 
parent-tissue  or  pass  into  each  other.  Thus  the  coimective  tissue  of  the 
periosteum  can  produce  either  ordinary  connective  tissue,  cartilage,  or 
bone — that  is,  tissues  which  are  closely  related  to  each  other,  and  which 


may  1)0   regarded  as  different  modifications  of  the  connective-tissue 
.suimtauoe. 

In  iitwue  defects  in  which  only  itingle celh  are  ?orf(as,  for  example,  in  the 
los*  of  single  connective -tissue  cells),  or  in  the  case  of  a  nioiv  extensive 
destruction  of  cells  >rithout  an  intciniplian  in  the  conliHiiily  of  the  conHeeticc 
IS 
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(iwnuf  uf  Oif  Uvod-oemei*  (ait  the  loflt  of  loalind  arae  of  iht  fmrfMt*  f-^-i 
thifliuui,  or  a  tcroup  uf  i^lvad  (vlls  <*r  erf"  pnliaomiy  ^pillniii^ ),  i  cMt 
plctc  reeeacmtiMi,  a  n^a^io  ad  imtf^m,  may  Ukr  pla(*.  and  ib- 
Iukim;  I>*^  ivttfuTMl  to  a  tKiudilion  ci>rTe«pWDdiiig  in  all  tceperts  lo  tlu 
KXUjtJDg  t^ftm;  ttw!  iujur^-.     .4/Irr  aO  imjmrin  im  viUdb  tAr  cmtitmt§  «i  tk 


V\tl.  lu.— Ilmllnit  uhiT  cil  Ux-  amill  Inhwllne,  wlUi  famuUon  oT  oev  ■1aDd4iibeB  In  Qie  ronnfmUi 
■utiniUoiH  (HdlkT'ii  Hulil.  buniiiUiiyllni.  a,  Muam;  b,  lubmuiVM  i  c  a.  miucularts:  r.  «Fn«:  /.  r 
inUru  III  lliK  tliiiir  uf  tlm  ulnr  mil  ynl  noTMed  over  wlU  eplihetliuD :  p;  oveitiwiiilitK  edc^  «(  Uw  utiw: 

Einluniit  niwr  iir  uh'vr  niTnrwl  witli  FpUtudlam;  i,  imwIt  lomied  irlMidi  In  Uh  lubmuro^ ;  fc,  dr^nr 
IHl  Htllb  llllllllEltUIU.     X   IN.  , 

mfinotU-rmal  auppnrling  titume  is  broken,  either  vith  or  ^thoiit  aa  associate 
injury  Ut  Hmuum  of  eiito-  and  ecUxlerinal  origin,  the  regeneraUon  i 
In'complcto ;  iii  tliiit,  at  Die  point  of  injury  there  is  formed  a  tissu 
whicli  du|utrtH  more  or  less  from  the  normal  stmcture  of  the  affecte 
\Mi%  miU  hIiowh  n  more  or  Icits  marked  loss  of  functional  capacity  a 
i4iiinimii<d  Id  (he  normal  tissno.  lu  general  this  tissue  is  a  newformalio 
of  (Hmnw-fiiv  (wwMc.  Utwignated  as  ascar  (Fig.  143,  d)  or  cicatricial  tissw 
ill  iiKllvidiiiil  organs  (us  in  the  heart-mnsele)  also  called  a  caUosUg,  th 
HKW  coniiKrtlvo  lisMuo  resembling  other  formations  of  connective  tiisoe 
hut  not  wluttly  identiciU  with  tliom.  Id  the  course  of  time  it  come 
lUntu);h  a  gnidnal  clutnge  more  and  more  to  resemble  normal  tissoe 
l^l^f^'ots  of  th«  skcli'toii  nre  replaced  by  scar-tissne  which  arif«s  from  ih 
liKriiMlenm  and  ondtistpum,  and  by  virtue  of  the  peculiar  properties  <> 
tllt^Ht)  lltisntw  tliera  dt<v<<lo|ts  a  new-fonuation  of  banetiame  within  sav\ 
aouiit,  the  Htructuitt  c«>mlng  to  rei*emhle  clt>st>ly  that  of  normal  bone. 

la  many  «i«'S  the  tivittriritil  tinsur  consists  purely  of  vatcularizrA  o>« 
tmHf*-  tinanif  (.KiK-  143,  li),  whith  later  becomes  enriched  only  tbr»iD?i 
IliM  lii-t;''«'wth  "f  Ht^w.ffcii^  and  the  gradual  development  of  dtutiefibm 
HearH  iHinlering  \i\wa  tH'todenual  or  entodermnl  tissue  may  bee^ime  n>v 
ffivil  by  a  tww-l'oriiiatiou  of  epithelium  (Fig.  143,  r).  Oecasitiiialiy  lb< 
Hlnit'turo  ai  eii^U I'iviul  tiiisue  may  uudergo  a  further  development,  ii 
that  iqufiHt*  titatuf  f'otimrtioHa  either  yrmc  into  it  mfondarHif  or  are  f/**rny 
in  U  m  ii-uiaiHa  uf  pni-xi^iHjf  utruetureit.  The  first  process  oeeors  iik» 
rrtHiiwiitly  ill  wuTS  t>f  the  mucous  luembraue  of  the  inteetiiie  (Fig.  Id' 
and  of  kI'^"^''*  i"  (he  neighburfaooti  of  their  excretory  dncts,  and  io  scar 
of  ukU!U-lo   {V^s-    ^*^)-     1»  defects  of  mncons  niembrwws  vbidi  an 
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placed  by  scara  formed  through  the  proliferation  of  connective  tiasne 
•"ig.  144,  b,  f),  the  surface  is  first  covered  with  epithelium  (.9,  A,  it), 
later  there  develop  epithelial  iu- 
growths  which  bear  the  character 
of  tubular  glands  {i).  Gland-ducts 
(bile-ducts,  ducts  of  the  salivary 
glands)  may  grow  into  the  develop- 
ing scar-tissue,  and  form  new  tubes 
or  only  solid  coi-ds  of  cells.  Such 
a  new -formation  of  gland-ducts 
may  occur  not  only  in  the  neigh- 
borhood of  traumatic  injuries,  but 
also  iu  the  course  of  htematogeuous 
iuflammatious  of  the  glands  iu 
question. 

A  new-formation  of  glaud-tissne 
proper  in  the  neighborhood  of 
scars  is,  ou  the  other  hand,  want- 
ing in  ^e  case  of  the  majority  of 
glands  (liver,  kidneys,  testicles,  ' 
ovaries,  thyi-oid,  mammary  glands, 
and  luugs).  Only  in  the  case  of 
the  salivary  glands  does  the  de- 
velopment of  the  newly  formed 
ducts  lead  to  the  formation  of 
gland-lobules. 

In  muscle-scars  (Fig.  145)  new 
muscle-fibres  (d)  grow  from  the 
ends  of  the  old  ones  (a),  and  pen- 
etrate into  the  scar-tissue,  so  that 
the  scar  becomes  gradually  re- 
placed by  muscle. 

The  preservation  of  remains  of 
specific  tissne-elements  in  the  area 
of  cicatrization  may  be  observed 
in  the  case  of  both  muscles  and 
glands,  especially  in  the  periphery 
of  traumatic  injuries  and  antemic 
necroses  (Fig.  146),  and  in  most 
cases  also  in  infectious  foci  of  dis- 
ease. The  preserved  gland-remains 
within  the  scar  usually  present  an 
atrophic  condition  (Fig.  14B,  b), 
but  islands  of  normal  tissue  (d ) 
may  also  be  enclosed,  and  there 
arises  the  possibility  that  such  may 
undergo  a  compeuxatory  growth. 
In    iufiammatory   processes   in 

,        ,      ,     ^     ,^,_  _       glandular  organs  which  are   char- 
in.  Ift  -Urmr  oT  mutrin  and  (endoii.  UilrtT-tvo      "  .      -      .         *Li  >.       j  \.      ., 
■  ou  iFiemminK'n  BotuUon.  v>a  (iieaoD'n).  n.     acterized  OU  the  ono  hand  by  the 

.cT?^.''x'TQ!r"''""''^'"*"""^'^     destmction  of  the  specific   paren- 
chyma, and  on  the  other  by  a  new- 
rmalion  of  connective  tissue  having  the  character  of  scar-tissne,  there 
b  often  seen  in  the  diseased  area  new-formatious  of  scar-tissue  con- 
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taJDing  atrophic  remains  of  the  gland-tissae,  and  between  these,  isUni: 
of  uninjured  gland-tiKRue  in  a  condition  of  hypertrophy. 

The  mass  of  the  acar  is  only  rarely  equal  to  the  maas  of  the  tisn 
lost,  and  there  persists  after  the  loss  of  considerable  amoont  of  tissoe 
more  or  le»s  marked  tissue  defect.  Over  cirrumscribed  areas  o(  tl 
surface  of  the  skin,  mncous  membraseR.  or  of  glandR,  the  bniiD.  fti 
such  a  defect  gives  rise  1o  a  cicatricial  dtprettion.  Xnmerons  ricatriti 
defects  in  an  organ  may  occasion  an  atrophy  of  the  same  charactt-rin 
by  an  irregular  configuration  of  the  surface. 

The  loss  of  the  tissues  en  mame  of  larger  portions  of  the  body.  **,  f 
example,  a  toe  or  a  toe-joint,  is  in  man  iwwr  again  rtplacfd,  SdcI]  d 
fects  are  only  closed  in  by  scar-tissue  which  on  the  superficial  parts 
the  body  becomes  covered  with  surface  epithelium. 

Tlie  rexeaeratlve  capacity  of  tlunes  is  in  man  and  the  mammals  slight  on  i 
whole.  This  is  depeodent  upou  Ilie  tuct  ttiat  tlie  indiviiluikl  tissues  ahowaverylii 
degree  of  differentiation,  anil  that  also  in  Ibe  event  of  prolifeiatioQ  they  do  not  Imcil 
dllTerentiittinn  tosuehBn  exIfDt  as  to  revert  to  so  emhrroiiBl  antate  that,  like  'licrt 
of  the  embryonal  anlage.  they  are  able  to  produce  ditferent  forms  of  tiasiif.  In  sp 
of  this  limilatioQ  tlie  re^nerative  powers  of  the  tissues  in  gcaetal  an;  aufflciccit 
reatore  the  continuity  of  the  tissues  and  to  preserve  intact  the  external  covering  oft 


, _i  embolic  «<»r  (MfllWi  fluid.  tuemMoiyltn  and  eonln).   o,  s™r* 

_i)t  otrilLentMl  sLunidrull.  but  no  UibulH :  b,  IndunKed  ibnue  with  atroplilc  tubules.  Uie  gUHumiU  ^ 
pTHenred ;  e,  tuinint  cwnlcal  llanue :  il,  lalsnd  of  normal  (iibulea  In  Uie  scar,    x  SO. 

body.  If.  ai  tlic  result  of  a  lixitl  loss  of  tissue,  tlie  life  of  the  or^nism  be  etHlsn^rei 
through  tlie  inability  of  tliu  loml  tissues  to  ri'Slore  the  lost  part,  there  esisisin  i 
caHe  of  many  orgnnN  and  tissues  (liver,  kidneys)  tlie  power  of  compensating  for  sud 
loss  tiirough  the  growtli  of  the  remaining  normal  tissue. 

In  tlie  lower  uninmls  the  power  of  t issue -I'egeneration  is  mueli  greater  than  in ' 
case  of  tlie  nmnimals;  and  furtiier  is  miieli  greater  in  the  earlier  stuges  of  iiDlogctir- 
so  tluit.  In  many  Hnimals  (trituns.  axoidlaiis,  echinodernis.  teleosts).  the  ilrst  tnu  or n 
the  drat  four  M't^mentntiim  cells  still  possess  the  power  of  forming  an  entire  einbr; 
Insects  possess  ilurlng  llio  lurval  stnte  a  very  marked  power  of  regeneraiion,  "In 
later  la  lost. 

In  the  cnso  of  protozoa  each  animal  may  quickly  siipplemeut  itself  through  di 
stun.  In  t)iu  ease  of  the  fresh-water  polypi  small  fragments  of  the  InmIv  may  divel 
again  Into  the  entlni  animal.  The  angle-worm  is  able  to  replace  either  its  tail  urbr 
Mul  wlion  these  i«ni  cut  off.    The  wood-louse  can  replace  its  feet  and  antennic,  iheM 
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Mntacles  and  anterior  extremity,  crabs  and  crayflBli  tlieir  clawa  auti  legs.  Salttm&Q- 
s  aic  able  to  rcsti>re  llieir  legs,  eyes,  and  tails,  and  lizards  aud  slow-worms  their 
^'.  wlien  these  arc  broken  off.  Id  tlic  case  of  frogs,  snakes,  azid  flshes,  on  tbe  other 
id.  Ilie  power  ol  regeneration  diminislics  as  the  scale  of  animal  lifu  is  ascended,  yet 
1  does  not  happen  cquallr  Id  the  case  of  all  animals,  and  anioials  closely  related  to 
li  otlier  may  show  very  differenl  capacities  for  regeneration.  Further,  in  the  same 
[nal  the  regenerative  power  la  not  the  same  in  all  organs;  for  example,  in  tritons  the 
enemtive  capacity  of  the  Jntcrnal  organs  Is  slight.  Moreover,  the  power  to  form  a 
f  portion  of  the  body,  as  a  tail  or  extremity,  for  example,  does  not  prove  that  all 
tissues  of  tbe  portion  of  tlie  body  in  question  possi'ss  an  especial  capacity  for  pro- 
ration.    In  crayfish  and  crabs  the  regeneration  of  the  claws  and  legs  takes  place  only 


n  places;  in  Injuries  occurring  to  other  points,  the  new  extremity  ii 
ui  that  place  where  a  new-formation  is  possible.  In  tritons.  fractiirei 
eal  very  slowlj,  although  they  are  able  to  reproduce  their  extremities. 


g  79.  The  cause  of  the  cell-proliferation  underlying  alt  hyperplastic 
1  regenerative  new -formations  of  tissue  varies  according  to  the  condi- 
119  under  which  the  proliferation  occurs.  If  the  new  tissue-growth 
ding  to  hypertrophy  takes  its  origin  from  the  aitlage  of  the  organism 
leerned  or  of  a  portion  of  the  same,  uo  new  stimulus  is  necessary  for 

ap{>earancei  the  attainment  of  the  abnormal  size  is  dependent  only 
on  the  condition  that  the  new-formation  of  tissue  does  not  lead  to 
idrances  to  growth  before  the  full  limit  of  development  is  reached, 
hen  the  proliferation  appears  first  at  a  later  period,  something  addi- 
iial  \H  necessary  to  cause  an  increase  of  the  normal  tissue-forniatiou  or 
Ktart  ^ain  into  activity  the  cell -proliferation  which  becomes  quiescent 
the  close  of  the  period  of  growth. 

In  the  case  of  both  hyperplastic  and  regenerative  proliferation  the 
imulwi"  m»y  consist  simply  in  the  removal  of  hindrances  to  growth. 
perienc^  teaches  that  the  majority  of  the  cells  of  the  body  possess  the 
wer  ill  a  given  case  to  divide,  even  those  (connective- tissue  cells,  gland- 
Is,  muscle-cells)  in  which  the  processes  of  cell-division  wholly  cease 
■  long  iieriods  of  time.  This  cessation  of  proliferation  may  be  ex- 
liiied  by  the  assumption  that  the  firm  combination  of  the  cells  with 
'h  other  and  the  formation  of  the  intercellular  cement  inhibit  fuilhei 
iltipIicatioD.  It  is  also  possible  that  chemical  and  unknown  vital 
luences  act  in  the  same  manner.  Injuries  and  degenerations  of  the 
<[ies  of  the  most  varied  kinds  can,  through  the  loosening  of  the  cells, 
d  through  physical  and  chemical  changes  in  the  intercellular  cement 
).staiice  and  of  the  tissue-fluids,  cause  such  changes  that  all  hindrances 
the  growth  and  division  of  cells  are  removed. 

lu  addition  to  the  removal  of  hindrances  to  growth  there  may  be 
?sent  at  the  same  time  a  formative  stimulus,  which  Increases  both 
e  reproductive  capacity  and  the  tendency  toward  reproduction. 
rther,  such  a  stimulus  may  act  inde])eiidently — that  is,  without  the 
noval  of  the  influences  inhibiting  growth — and  this  event  is  to  be 
mined  in  those  cases  in  which  after  the  loss  of  a  portion  of  an  organ 
(  remaining  portion  (liver,  kidney)  undergoes  a  compensatory  hyper- 
iphy. 

Tlie  stimiUi  which  are  able  to  excite  growth  and  cell-division  are 
own  only  in  part<.  In  those  ca.ses  in  which  their  action  may  be  recog- 
*d  they  appear,  to  be  identical  with  the  stimuli  whicJt  ejvUe  or  increase 
ndional  and  nutritive  activity.  In  the  case  of  the  muscles  hypertrophy 
bi-onght  about  by  increased  contraction  following  ner\'otis  excitation. 
ler  and  kidney  tissue  undergo  proliferation  when,  as  the  result  of  a 
«-of  a  lai^e  area  of  gland-tissue,  the  remaining  portions  are  obliged  to 
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do  an  im^TPSiA^l  amntiDt  of  work — thai »,  they  most  out  of  thecinmlatm^ 
hUftffl  prrjrliiep  and  ;0^'rHeth<je4e»al)etaoces  which,  if  lifeistobepr^sen^d, 
mti^  \ff  ffhen  oflT  eithf-r  extemallj  or  within  the  body. 

Wht'tiw.r  tbire  exL^t  «aill  other  fonnative  Ktimnli  cannot  be  said  with 
e^rfainty  at  the  pri'Tient  time.  An  imrrfosed  smfpiy  of  biood  amd  tuttritm, 
wbirfi  ban  Iff-ffn  lielievefl  by  many  to  act  as  a  formative  stimolns.  is  jua 
in  ffMrIf  Hiifiicient  to  excrite  a  new-formation  of  celLs  and  tissue;  it  gives 
riw?  only  to  an  incrn'aHeil  depotiit  of  fat.  The  cells  of  the  body  are  m4 
ff;d«  tlii'y  f^fd  tbemjielvf^;  and  an  increase  of  nutrition  depends  apoo  tlK- 
activity  of  the  r;ellH.  An  increwie  of  the  temperature  of  the  tissaes  may 
tuiMten  the  pro^'^^sH  of  cell -<li virion  and  thereby  farther  tissne-prolifera- 
tiori;  but  it  ih  doubtful  if  it  can  directly  excite  proliferation  in  a  restiug* 
t  iM4iii%  The  hK!al  act  iou  of  heat,  which  has  been  observed  to  be  follovni 
by  firolifemtion  (for  example,  in  the  skin),  produces  in  the  first  place 
v\\ii\\%iiK  of  a  degenerative  nature,  so  that  the  occurrence  of  proliferation 
may  be  alno  explained  as  due  to  the  removal  of  influences  inhibiting 
growth* 

Whether  there  are  chemicaUy  active  substances  capable  of  exciting  pro- 
lifenitioti,  In^ides  those  present  normally  in  the  body,  cannot  be  decided 
at  the  present  time.  The  fact  that  slight  irritation  of  the  skin  (painting 
with  icMline)  can  cause  prolifei-ation  without  preceding  d^;enerative 
chatiges  nmices  this  appear  probable.  But  it  is  more  probable  that,  in 
Nplt4^  of  the  negative  findings,  slight  tissue-changes  of  a  d^:eneratiTe 
natui*e  do  occur,  and  that  through  these  the  inhibitory  influences  are 
weak4M)e<l. 

Moreover,  it  must  he  noted  that  even  the  hypertrophy  of  muscles  and 
glands  following  Increased  activity  cannot  be  absolutely  regarded  as  the 
dlnM*t  result  of  a  nervous  or  chemical  stimulus,  but  rather  must  iK^e 
asMunie  that  with  the  increased  labor  there  is  an  excessive  consumption  of 
(H*H'rlemniis  which  excites  regeneraUve  processes^  the  latter  leading  not  only 
to  a  riV4t oration  of  the  parts  lost,  but  also  to  an  increased  building-np  of 
the  tH^Uiuass  and  formation  of  new  cells. 
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g  80.  Tbe  division  of  the  nucleus  and  celUiwdy,  upon  which  process 

the  formation  of  new  tisane  depends,  may  occur  in  tbe  first  place  through 
holoschisis  (Flemming),  or  direct  segmentation  (Arnold) — that  i& 
through  a  triiusverse  constriction  of  the  elongated  nnclens  and  proto- 
plasm without  an  increase  or  characteristic  grouping  or  movement  of  tbe 
chromatin  elements  of  the  nucleus.  It  appears,  however,  that  the  direct 
division  of  tlie  nucleus  leads  to  a  new-formation  of  tissue — that  is,  to  Uk 
productiou  of  cells  which  are  able  to  form  new  tissue — only  when  it  is 
connected  with  that  form  of  cell-division  known   as  karyokinesis  or 


Fra.  1«.-Enl«rgwl  nocleus. 
Fia.  IM.— Tbtck.  open  akeln.  wllb  • 
nuckiBr  membraiw  have  dinpp«r«al. 

Fia.  lis.— timuplDgof  tbe  cumpleted  cbromoiioDia  Into  ■  star- or  wreatb-Iorm. 

karyomitosis  (Flemming)  or  as  Indirect  segmentation  (Aniold),  which 
is  characterized  by  an  increase  of  the,  nuclein  or  chromatin  f  Flemmiug), 
and  a  definite  cycle  of  changes  of  form  and  movements  on  the  part  of  the-  latter. 

Usually  karyomitosis  follows  atypical  course,  as  in  the  norioal  growth 
of  tissue,  but  deviations  from  this  are  not  infrequently  seen  in  pathologi- 
cal new-fonnations. 

A  resting  necleus  consists  of  an  outer  covering,  the  niidear  membrane, 
and  the  nuclear  contents.  The  latter  is  composed  of  a  colorless  mietear 
fluid  and  the  nuclear  gabMatice.  To  the  nuclear  substance  beloug  the  bb- 
deolus  and  »cattered  granuleii  and  threads  which  often  form  a  frameuork 
staining  with  nuclear  stains. 

When  the  nucleus  undergoes  division,  there  usually  occurs  in  the 
first  place,  an  increase  of  the  chromatin,  and  the  chromatin  frameitork 
becomes  more  distinct  (Fig.  147).  The  nuclear  substance  theu  forms  a 
dose  skein,  which  with  the  disappearance  of  the  nuclear  membrane  and 
tbe  nucleolus  becomes  changed  into  an  open  skein  with  thick  threads  (Fig- 
148),  whose  individual  components  divide  themselves  into  nuclear  seg- 
ments (Hertwig)  or  chromosomes  (in  man  these  number  eighteen)  (Figs. 
148,  149), 

These  segments  then  group  themselves  in  the  equatorial  plaue  of  the 
nucleus  with  their  angles  directed  toward  the  centre,  forming,  when 
viewed  from  the  polar  aspect,  a  wreath-like  figure  (Fig.  149) ,  and  later 
a  star-like  figure,  lying  in  the  equatorial  plane,  which  has  been  desig- 
nated tbe  mother-sLir  (Figs.  150,  151),  or  the  equatorial  plate  (Flem- 
miug). 

Sooner  or  later  twopoks  become  visible  in  the  so-called  polar  field- 
that  in,  two  extremely  small  spherules,  which  are  known  as  the  polar  or 
central  corpuscles  or  the  c^itrosomes.     At  first  these  lie  closely  together. 
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but  later  separate  from  each  other  and  act  as  centres  about  wbicli  the 
nuclear  elements  group  themselves.  Between  these  there  is  formed  the 
NHirlear  spind!/!  (Figs.  l.'>2,  153)  which  consists  of  fine  threads  which  do 
not  stain  with  nuclear  stains,  and  converge  in  the  polar  corpuscles.     In 


Fio.  ISU.—Completely  dereloped  mother-«t«r ;  polar  Ylew. 
Fin.  ISL— lloUier'«tar;  equatiirUI  view. 

s.  IIK,— JUatre  of  mcUlilTiisli.    Glndle  toopa  visible,  Ibelr  aDglM  pointed  Mwird  the  pole :  delkate 

s  burel-sbikped)!  splndle-Ogure  In  Uie  DOdeua  *Dd  tbe 


-«  vlatUe. 
Fig.  154.— DiaKbl«r«tara  nparaMd :  Ibe  upper  ni 
Frn.  1%— t)*URbUT«keln  rIUi  Oae  Uireadi  (ubi 

the  neighlrorhood  of  the  polar  corpuscles  themselves  the  granules  of  the 
protoplasm  present  a  radial  arrangement,  giving  rise  to  figures  (Fig. 
ir>3)  which  are  known  as  rayjigui-es,  stars,  or  aftrartion-spheres.  In  the 
following  stag«  of  division  of  the  nucleus,  a  movement  takes  place  among 
the  chromosomes  leading  to  the  formation  of  loops,  whose  angles  are 
directed  toward  the  pole.  Lat«r  the  loops  divide  in  halves  which,  follow- 
ing the  direction  of  the  spindle-fibres,  move  toward  the  poles  and  form 
two  stars  (Figs.  152-154)  which  are  known  as  daughtrr-sUtm.  From  the 
star-figures  the  daughter-star  passes  successively  through  the  thick -skein 
and  then  the  fine-skein  stage  (Fig.  155,  upper  part)  which  finally  changes 
into  the  nuclear /niw»«cori  (Fig.  135,  lower  part).  During  the  later 
stages  of  the  process  of  division  a  new  nuclear  membrane  is  formed. 
In  the  stages  of  the  segmented  skein,  or  later  as  may  be  seen  in  the 
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la^re  nucleated  cells  of  cold-blooded  animmls.  there  oecars  a  lottfitmdhuil 
gpliUinff  of  the  chromoaomeg  (Fig.  156).  In  the  change  of  position  of  the 
chromooomes  known  a»  nuiakinena  the  halves  of  the  split  threads  sepa- 
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rat«  from  each  other  (Fig.  157)  so  that  each  daughter-star  receives  half 
of  the  substance  of  each  chromosome. 

The  division  of  ttie  cell-protoplaAin  usually  takes  place  at  the  time 
the  daughter-star  changes  into  the  ordinary  nuclear  condition,  and  con- 
sists in  a  constriction  and  separation  of  the  protoplasm  (Fig,  155),  Ii 
is  probable  that  a  complicated  interrelationship  exi«ts  between  the  nnclens 
and  cell-protoplamn ;  but  the  uuclens  is  to  be  re^.-arded  as  the  more  hiphlii 
organized  guhatance.  a»  the  centre  of  celMar  poUntUilUy.  The  nttdei  are  alto 
the  hearers  of  heredity,  while  the  protoplasm  governs  the  relations  of  the 
cell  with  the  outer  world. 

Variations  from  the  typical  karyoklnesis  may  consist  in  the  first 
place  in  the  occurrence  of  g,pluripolar  tUvmon  in  place  of  the  bipolar,  so 
that  two  to  six  or  more  nuclear  spindles  aud  a  correspondingly  increased 
number  of  equatorial  plates  (Fig.  158,  a)  may  be  formed.  Further,  in 
place  of  the  simple  mother -star  there  may  beformed  acomplicated  %nre 
out  of  the  chromatin  loops,  from  which 
several  dangbter-stars  may  be  evolved. 
Not  infrequently  tbert^  occur  asymmetrical 
diviaiotw  of  the  nudew»  (Fig.  158,  b,  c),  par- 
tictilarly  in  tumors,  but  oecasioually  also 
in  r^enerative  or  inflammatory  new-for- 
mations of  tissue. 

There  also  not  infrequently  occur 
divisions  of  the  nucleus  which  are  char- 
acterized by  abruyrmal  size,  abnormal  rich- 
ness in  chromfdin,  and  manifold  variations 
of  form.  As  types  of  such  division  are 
the  large  oval  or  bean-shaped  (Fig.  159),  y 
knobbed  or  convoluted,  lobnlated  and  b.  «.  »«yirnieui<»i  iiivWuD-njniiw. 
branched    (Fig.    ItiO),   wreath -shaped, 

linked,  basketr-sbapcd  (Fig.  161),  and  otherwise-shaped  nuclei.  Finally, 
there  are  occasionally  found  in  the  cells  more  or  less  extensive,  indis- 
tinctly-outlined  heaps  of  granular  and  lumpy  ^romatin  (Fig.  162). 
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Such  unclear  forms,  with  tJie  exception  of  the  polyuucleur  leiicwyten, 
?  found  particnlarly  in  the  cells  of  tlie  bo  lie -marrow,  Rpleeii,  and 
III ph -glands,  and  also  in  tumors  which  arise  from  the  boue-marrow  or 
riosteum,  but  have  been  also  obser\ed  elsewhere,  particularly  in  sar- 
inata.  Certain  of  these  forms  are  appearances  due  to  coiitmctiou,  and 
ve  nothing  to  do  with  cell-division.  In  other  cases  these  changes  of 
«  and  form  precede  a  division  of  the  nucleus  through  cunstrictiou  of 
rtain  portions,  this  process  occurring  sometimes  with,  stunelimes  with- 
t  an  increase  of  the  chromatin-subslauce.  Arnold  has  detti^nated  the 
nsion  by  constriction  with  increase  of  the  chromatin  as  indirect  frag- 
ulntioH,  that  without  such  increase  as  direct  fraffmentation.  Indirect 
iginentation  differs  from  mitosis  or  indirect  segmentation  in  the  lack 
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an  orderly  arrangement  of  the  chromatin  in  threads  and  in  the  irr^u- 
rity  with  which  the  separation  of  portions  of  the  chromatin  results  in 
w  nuclei. 

Variations  in  the  division  of  tlie  ceil -protoplasm  occur  most  fre- 
eotly,  either  in  a  total  failure  of  the  protoplaata  to  dtmde  after  the  divi- 
ID  of  the  nucleus  has  taken  place,  or  in  the  defayed  diviMon  after  that 
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multiimclear  giant-cells  (Fig.  163,  a).  Besides  this  form  of  multinuclear 
giant-cell  there  also  occnr  those  formed  by  the  confluence  of  cells,  which 
are  known  as  8ync3rtial  s^iant-cells.  (Compare  also  the  sections  on 
Inflammation  and  Tuberculosis. ) 

The  significance  of  the  nuclear  corpuscles  (nucleoli)  is  still  a  matter  of  dispute. 
Flemming  and  Pfitzner  believe  that  they  are  different  from  the  nuclear  framework, 
while  others  regard  them  as  much-thickened  nodal  points  of  the  fibrils  of  the  frame- 
work. In  what  way  they  are  again  formed  after  the  division  of  the  nucleiis  is  not 
known. 

The  spindle-figure,  whose  fibres  stain  but  slightly  with  nuclear  stains,  is  derived, 
according  to  Flemming  and  Heriwig,  from  the  achromatic  substance  of  the  nuclear 
framework,  while  Straiburger  believes  that  it  arises  from  the  cell-protoplasm. 

The  centroaames  or  polar  corpuscles,  which  are  always  present  in  nuclear  sepnenta- 
tion,  are  found  also  in  resting-nuclei;  but  up  to  the  present  time  they  have  been  demon- 
strated only  in  a  part  of  the  cells,  most  frequently  in  lymphocytes  and  the  giant-cells 
of  the  bone-marrow.  At  the  same  time  the  investigations  of  von  KdUiker,  Fkmmim, 
M,  Heidenhain,  Boveri,  and  others  make  it  probable  that  the  oentrosomes  are  present 
in  all  cells,  lying  sometimes  in  the  nucleus,  sometimes  in  the  protoplasm,  where  oa 
account  of  their  small  size  they  can  be  demonstrated  only  with  difficulty.  (The  cen- 
trosomes  do  not  stain  with  the  ordinary  nuclear  stains,  but  with  acid  aniline  dyes,  as 
acid  fuchsin,  safranin,  and  with  iron-Wmatoxyl'n.)  Whether  they  are  elements  of 
the  protoplasm  or  of  the  nucleus  has  not  yet  been  decided.  According  to  van  Bent' 
den^  Boveri,  and  Rabl,  the  mitosis  of  the  nuclear  substance  is  to  be  referred  to  a  direct 
dra wing-apart,  starting  from  the  divided  oentrosomes  and  brought  about  by  the  agency 
of  the  achromatic  fibres.  According  to  M.  Heidenhain,  the  central  corpuscles  are  sharply 
circumscribed  granules  which  possess  the  power  of  assimilation,  of  growth, and  of  multi- 
plication by  budding,  whereby  they  are  accustomed  to  form  groups.  Either  alone 
or  united  in  groups,  they  can  form  the  central  point  of  insertion  of  a  system  of  con- 
tractile fibres  (spindle-fibres,  microsome  rays),  and  consist  of  a  specific  substance  (in 
a  chemical  sense)  which  is  not  present  elsewhere  in  the  cell. 
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The  Processes  of  Hyperplasia  and  Regeneration  In  the  Various 
Tissues. 

S  81.  The  morphological  changes  in  the  regeneration  and  hyperplasia 
epithelium  are  reliitively  simple.  The  karjomito.se3  (Fig.  164,  a-d) 
ow  for  the  chief  part  a  typical  course.  The  division  of  the  protoplasm 
tP8  place  either  in  the  la'ter stages  of  the  process  of  nuclear  division  or 
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>(.  ui'A  li  IkiiiikiI  I'l.lilii'liiiiu  I  •!,,  <!,.  iwvi'lv  htnunl  pplllwlluin  alr«Ml;  dlBeivaUUHl  lulu  dIflereDi  li 
iMMihwiiiivi'li^vlillluUiuUii  I.  |iwnvltei  tf,uwliU«;  «. awiMHtluKb.    X  :& 

\\\\<,>\\  wtiU'tt  U  I'^vtU  -in  iktit  i<lutUKv<l.     AfttT  destruction  of  liver-ti 
U'\.\\  \\\v.\vv\\>i  A\w\  Ww  t<|>ilht>auiu  of  the  bite-docts  (.Fig.  lU)  pr 
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e,  and  the  cell-division  atteudaDt  npon  an  injury  to  the  liver  may 
md  to  a  relatively  great  distance  from  the  wound.  Experimental 
inds  of  the  liver  heal  through  the  formation  of  connective  tissue,  into 
ch  only  offshoots  of  the  bile-ducts  penetrate,  while  a  lociil  reproduc- 

of  liver-tissue  does  not  take  place.  Likewise,  in  the  kidneys,  testi- 
,  thyroid,  and  ovary  the  local  production  of  glandnlar  tissue  in  the 
nective- tissue  scar  is  very  slight  or  wholly  wanting,  and  does  not 
L  to  the  formation  of  functionating  tissue.  In  the  salivary  and  mu- 
4  glands,  on  the  other  hand,  there  occurs  a  branching  of  the  gland- 
ts,  and  a  new-formation  of  glandular  alveoli. 

When  portions  of  the  mucosa  and  subniucosa  of  the  intestine  are  lost 
t,  reifult  of  ulcerative  processes,  there  occurs  during  the  process  of 
ling  a  glandular  proliferation,  which,  according  to  the  nature  oF  the 
■ct,  forms  partly  typical,  partly  atypical  (Fig.  144,  i)  glands  which 
w  into  tbe  submucosa.     The  new  gland-formation  takes  its  start  from 

old  glands,  whose  epithelium  pushes  over  the  edge  and  base  of  the 
'r  (Fig.  141,  g,  h)  and  also  lines  any  depressions  which  may  happen 
>e  present  (i).  In  a  similar  manner  ulcerative  defects  of  the  stomach 
;osa  are  again  made  good ;  and  even  extensive  ulcers  may  become 
cred  over  with  a  gland-containing  mucosa,  although  the  glands  do 
for  the  most  part  show  a  typical  development — that  is,  are  not  trans- 
ned  into  characteristic  gastric  glands. 

The  epithelial  portions  of  the  uterine  mucosa  which  are  in  part  lost, 
k  physiological  process,  during  menstruation  and  parturitiou,  and  are 
irward  replaced,  may  be  restored  in  a  similar  manner  iu  the  healing 
)athological  defects  of  the  endometrium.  The  new -formation  of  epi- 
ium  takes  its  origin  from  the  glandular  remains. 
Compensatory  hypertrophy  of  a  kidney  or  liver,  as  the  result  of  tbe 
.  of  kidney-  or  liver-tissue,  is  brought  about  through  the  formatUm  of 

fftand-ee^,  and  Ote  etUargement  of  exvtUng  renal  tvbulea,  or  liver-rods 
•fiptwd^.  After  extirpation  of  one  kidney  the  beginnings  of  compen- 
iry  hypertroirfiy  are  reoognizaUe  even  on  the  third  day,  by  the  ap-. 
ranee  of  division  fignree  in  the  epithelium  of  the  urinary  tnbnles; 

there  then  follows  a  further  proliferation,  continning  for  some  time, 
he  epithelium  of  the  nriniferous  tubules  and  glomemU  aa  well  as  of 

cells  of  tbe  vessel-walls,  as  a  result  of  which  all  the  parta  become 
ii^ed.  In  the  liver  the  lobules  are  enlarged,  but  no  new-formatioD 
hese  occurs. 
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§  82.  The  new-formation  of  blood-vessels  plays  a  very  important 
r61e  in  hyperplasia  of  the  most  varied  tissues-  If  connective  ti^ne, 
bone,  or  glandular  tissue  is  to  be  reproduced  in  any  considerable 
amount,  the  new-formation  of  blood-vessels  is  essential,  since  it  is  only 
through  these  that  sufficient  nutrition  can  be  brought  to  the  growing 
tissue. 

The  development  of  new  blood-vessels  takes  place  through  the  forma- 
tion  of  offshoots  from  the  sides  of  the  walls  of  preexisting  vessels  (Fi?. 
166).    In  the  vessel-wall  there  occurs  a  proliferation  of  cells*  particu* 
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y  ol  the  endothelium  (Fig.  16~\  in  irhich  the  division  of  tlie 
leiia  occurs  by  karyo mitosis. 

:Vs  the  first  step  in  the  foimiitiou  of  a  new  vessel,  there  is  seen  on  the 
^r  Bide  of  some  capilliiry  loop  a  teut-Iike  elevation  which  terminates 
fine  protoplasmic  thread  (Fig.  160,  a),  standing  out  from  the  vessel, 
grtuliially  becoming  longer  and  longer,  while  the  granular  mass  like- 


i.h.d).  KioiH  ahnple 


e  grows  out  at  the  same  time.  There  is  thus  fonned  at  the  beginning 
•tid  granvlar  arch  ofprotopimm,  which  ends  in  a  profoplamiic  thread  (a), 
1  after  a  eertaiu  time  comes  to  contain  nuclei.  This  thread  may 
letrate  into  another  vessel,  or  may  unite  with  some  other  arch  which 
iieetH,  or  finally  may  return  to  the  same  vessel  from  which  it  starteil. 
Further,  from  the  solid  arch  itself  new  secondary  arches  may  spring 
g.  166,  b,  e),  or  at  its  end  there  may  he  formed  a  club-shaped  swell- 

Tlie  originally  solid  arch  becomes  hollow  after  a  certain  time  (b,  a) 
ough  the  liquefaction  of  its  central  part,  and  the  space  thus  formed 
ler  immediately  or  very  soon  comes  to  communicate  with  the  Inmeu 
Hie  blooil-vessel  («),  or  else  there  is  developed  from  within  the  vessel 
extension  of  the  vessel-lumen  into  the  arch.  The  blood  of  the  mother- 
scl  finds  its  way  at  once  into  the  cavity  of  the  daughter- ve*i8el  and 
liMis  it.  As  the  hollowing-out  process  constantly  advances  and  ex- 
ils  to  the  point  of  entrance  of  the  protoplasmic  arch  into  another 
od  vessel,  there  is  finally  formed  a  new  capillary  loop  permeable  for 
od. 

Immediately  after  the  opening  of  a  way  for  the  blood  the  capillary 
>e  possesses  a  homt^eneous  wall.  After  a  certain  length  of  time  the 
itoplasm  groups  itself  about  the  nuclei,  which  have  in  the  mean  time 
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divided  and  miilliplied  iu  the  wall,  so  that  ultimately  the  capil 
coiiiea  to  he  made  up  of  flattened  endothelial  cells.  As  Araolil 
shown.  The  boundaries  of  the  individual  flattened  endothelial  cells 
be  made  visible  through  the  injection  of  a  solution  of  silver  ioto  the 
sel.  At  this  time  the  wsUl  for  the  greater  part  appears  mnch  thicke 
partly  from  the  proliferation  of  the  oells  of  the  vessel-wall,  bnt 
partly  from  the  fact  that  formati\'e  cells  from  the  neighborhood  1 
themselves  upon  the  surface  of  the  young  vessel  (Fig.  166,  rfj,  a 
themselves  to  the  wall,  and  so  strengthen  It. 

At  the  time  of  the  formation  of  the  ofi'shoots,  the  eudothelial  eel 
the  capillaries  are  swollen,  so  that  they  form  cells  rich  in  protopL 
which  often  iu  proliferating  tissues  reach  snch  asize  that  the  cr<«.* 
tion  of  a  capillary  looks  uot  unlike  a  ^and-tnbe  lined  with  epiliie 
(Fig,  168,  d).  At  the  same  time  division-figures  appear  in  the  e 
tbeliura  (Fig.  167,  a-c),  and  later  the  division  of  the  uucleos  aud 
protoplasm  takes  place. 

Just  in  what  relation  this  proliferation  stands  to  the  formation  ol 
offshoota  is  not  yet  clearly  understood;  but  doubtless  the  latler  sji 
from  proliferating  cells  and  represent  cell-proc- 
esses of  the  same.  The  proliferation  of  endothe- 
lium, on  the  other  hand,  does  not  always  lead  to 
a  new-forraation  of  vessels,  bnt  may  result  only 
in  a  thickening  of  the  vessel-wall  and  finally  in 
an  obliteration  of  the  lumen. 

In  the  transformation  of  newly  fonned  capil- 
laries into  arteries  and   veins — a  change  which 
must  always  occur  iu  the  ease  of  extensive  new- 
growths — the  increiise  of  tissue  is  the  result  of  the 
continued  proliferatiou  of  the  cells  of  the  vessel- 
wall.     The  muwle-Jibr/'s    first  appearing  in   the 
nut  cr  wall  of  the  capillarj- tube  are  (Mayer)  finely- 
branched  cells  whose  nuclei  lie  pan^llel  to  the  long 
axis  of  the  capillary  and  whose  processes  »nrronnd        ^^  ik-tkoiwu 
the  endothelial  tube.     After  about  fourteen  days     pafditar/'boiiy.  ■w* 
elastic  JUireii  may  also  appear  iu  new-formed  ves-      ^ii(it»iion*Sx°»" 
Bels  (arteries).  Ei^SrSii 

It  Is  dimciiU  to  deriile  whether  the  netr-formation  of  ptOTfc»iJiii.  n.Kipi"' 
JtJod-WMtJ*  is  iotracelluliir  throu^li  tlio  hollowinf;  out  of  ^il?'fnmr?™wik« 
tlie  siilld  buds  ol  a  Blnglo  cell  or  whether  it  is  iDtercel-  d.  nwDurtiiip-tisHiF  "*' 
lulur  through  the  formalinn  of  a  space  between  two  cells.  nuriear  ^ll^la^l■Il^l»^'^ 
Tlie  ollshools  frina  the  sides  of  tlie  vessel-wall  or  from  tlie  tymplnvyi**.  x  sal- 
end  of  tho  vessel  give  the  impression  of  s'llld  cell  proc- 

eBses.  but  the  posmlbic  participation  of  the  protoplnsni  of  two  cells  in  the  fomu 
of  finch  processes  cannot  be  excluded. 

The  ntw-/urmafion  of  lipnph-vaiielt  in  new  connective  tissue  is  intcrcelluliir. 
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%  83.  The  connective-tissue  structures  are  almost  all  capable  of 
both  Lyt>erpliistic  and  n-genenitive  proliferatioii.     This  is  especially  true 
of  unformed  and  formed  connective  tissue,  tlie  periosteum  and  the  end- 
osteutn;    while  cartilage  possesses  but  a  slight  regenerative  capacity, 
and  fully  developed  bone  none  at  all.     Usoally  proliferating  fibrons  con- 
nective tissue  gives  rise  to  fibrous  tissue,  both  in  the  case  of  independ- 
ent formations  of  connective  tissue  and  in  the  supporting  tissue  of  the 
glands,  lungs,  lymph-glands,  and  brain.     The  periosteum,  bone-marrow, 
perichondrium     and     cartilage 
produce   in   addition  to  fibrous 
connective  tissue  and  marrow- 
tissue  also  cartilage  and  bone. 

Hyperplastic  and  regener- 
ative  proliferations  of  the  con- 
nective tissues  arc  ushered  in  by 
ccB-divighn  i  n  the  course  of  which 
the  karyomitoses,  described 
above  (Figs.  Ifi4, /;  167,  d; 
16S,  6,  p),  occur. 

After  injuries  of  the  tissue 

these  proliferations  begin   very 

n  ■««■     soon,  f)s,  for  example,  in  wounds 

Ai'^wuh     of  the  skin,  or  in  fractures  of 

_^ ._Ji'wu"ri     '1'^   bones;    in   the    latter  case 

P^'''*^'!""  "^i^fnjn,:  «■  fndoijieiiai  mil  wHh     even  as  early  as  the  second  day 
iyiiii>h™-ytjs.   xso.  Single  cells  of   the   periosteum 

have  t)econie  enlai^ed  and  show 
divifflon-figares.  Besides  mitoses,  direct  division  of  the  nuclei  also  takes 
place. 

When  only  a  few  cells  are  destroyed  in  the  event  of  an  injury  to  the 
tissue  newly  formed  cells  replace  those  destroyed  without  the  occurrence 
of  any  marked  siructuntl  changes  in  the  tissues.  If,  on  the  other  hand, 
under  pathological  conditions,  a  considerable  amount  of  new  tissue  is 
produced  within  a  short  time,  the  proliferating  cells  form  an  embryonic 
tissue  consisting  essentially  of  cells,  blood-vessels,  and  a  somewhat  fibril- 
latcd  ground-substance  (Fig.  168).  The  extent  of  such  formation  nat- 
urally varies  greatly  and  is  dependent  partly  upon  the  capacity  of  the 
tissue  for  proliferation,  and  partly  upon  the  lesion  leading  to  the  prolif- 
eration. 

Proliferating  cells  are  always  larger  than  the  cells  of  fully  developed 
and  resting  connective  tissue  which  are  relatively  poor  in  protoplasm. 
They  contain  large,  bladder-like  nuclei  with  nucleoli,  and  for  the  greater 
part  only  one  or  two  nuclei  (Figs.  168,  169),  though  muUinuclear  cells 
(Fig.  169,  c,),  the  so-called gJaiU-eelU,  also  occur.    In  aesooiation  with  the 
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c'iilurt;<!il  tiHKiie-cenn  there  are  always  found  after  a  more  marked  tissue 
Icnioii  exudative  wlls  arisiiii;  from  tlie  blood-vea  .Is  (Fijts.  1G8,  g,  f,  and 
1((9,  a,  a  J  wIiicUtiikeuojArt  ill  tlie  formation  of  the  uew  tissue  (see^^'ij. 
Hiii(»  all  llifwe  cells  are  tlie  antei^ents  of  the  future  tissue  they  arv 
doHlgiialed  oh  formative  cell«.  those  giving  rise  to  fibrous  connective 


tJHHue  are  oatlecl  fibroblasts  (figs.  169,  b,  e,  d.  e ;  170,  a),  while  tboee 
forming  cartilage  aud  boue  are  known  as  cbondroMasts  (Fig.  172,  o,  c) 
and  oatvoblaats  iFig,  168,  a,  b,  c)  respectively. 

The  Hha^w  of  the  formative  cells  varies  greatly  (Fig.  169,  b,  e.  d.  f  . 
and  in  dependeut,  partlj'  upon  iutriusic  causes — that  is  upoo  spontaneoos 
changeH  of  form — partly  upon  the  iuflueuce  of  the  envirooment,  which 
under  certaiu  couditious  compels  the  cells  to  take  certain  definite  forms. 
The  (H^lbt  pi-oduciug  connective  tissue  usually 
prtwent  the  greatest  variety  of  form.  . 

When  coaa«ctlv«  tissue   is  developed    •       ^   r    ^ 
from  a  wlluLir  embryonic  tissue,  either  ^««  . 

_^iUUe   (Fig.    169,   tJ.  <•)  appear  at  once  in         c^       ^ 
oei'tuiu  parts  of  the  cell-protoplasm,  or  there    '  **    *^' 

in  formed  tirKt  a  homoffeite<ma  interwUuiar  wb-  ^ 

Mance  (Fig.    Ui>,   b)    iu  which  the  tibrillw  ^  « 

later   appear.     'I'he   formative  cells  at  the  ^^ 

Hame  time  diminJKh  in  size,  and  come  to 
lie,  for  the  most  part,  in  smidl  oleflB  (Pig. 
IBH,  fl)  in  the  grouud-aubtrtauee. 

Elastic  libres  first  appear  in  newly 
formed  connective  tissue  at  a  late  stage, 
about  three  weeks  at  the  earliest,  and  at  the  beginning  form  very  fin*" 
Ubrillte,  wbicb  iu  part  (Fig.  171,  b)  represent  proceeaes  of  older  thicker 
ilbrillEe  (u)  aud  in  part  ariw  iudepeudently.  They  represents  differ- 
eutialiou  product  uf  the  fibrillary  gruund-Mtbetanee  and  have  no  iclaCiuQ 
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to  the  cells.     In  so  far  as  cuii  be  determined,  they  are  formed  through 
the  anion  of  ismall  granules  of  elastic  substance. 

They  develop  most  abundantly  in  newly  formed  connective  tissue  in 
the  blood-vessels  and  in  the  skin,  but  such  a  Qew-forniatiou  of  elastic 


Fie.  171.— Sear  ol 


fibres  occnrs  also  in  other  regions,  as,  for  example,  iu  connective-tissne 
proliferations  Inside  of  glands,  seruuH  niombmne-H,  etc. 

In  the  development  of  hyaline  cartilagie  there  appears  between  the 
cells  a  hyaline  ba^^ment -substance  (Fig.  X72,  /),  while  the  chondroblaala 
(c)  at  the  same  time  assume  a  more  rounded  form  (d).  In  time  the 
ground -sabfltance  increases,  the  choiidroblasts  grow  smaller  and  come  to 
lie  in  rounded  cavities  whose  waits  arc  denser  tlmn  the  rest  of  theground- 


nutlrwre  In  a  (rarture  flvednyii  old  <1 _ 

itr  (Inue:  li.  cnrllliuK-:  c.  pnllFenilins  ixMiiDiti-iii  i:iivuuii,umH>, 

VoundlmtBUnce'ot  IbecirtlliiRei  a.  ™p»ule  ul  (snUaHK-wllii :  h,  prullIenUlnR  endoUreUum  or 
•  uM«-.e»i-l.    X  mo. 

substance  and  later  form  the  part  of  the  basement -substance  called  the 
firiilagecajHnile  {//). 

In  the   development  of   bone  from  cellular  embryonic  tissue  there 
appears  between  the  formative  cells  a  dense  homogeneous  or  fibrillated 
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basement-subfitariice  (Figs.  173,  e, /;  174,  o)  formiog  aa  osteoid  tis 
which  later  on  becomes  impregDated  with  lime-salte  and  thereby  tn 
formed  iuto  bone.     When  the  grotmd-substauce  between  the  osleobli 


iIliiB  of  ■  Foarteen-daT  old  Inuture  ot  tiM  fllwla  ot  > 

tnattj-Bvu  jtan  ot  ane.    <i.  h'nwielli  ol  1^"  — '""- *■    — ■*"■ — ■-— ' •-.  -  -   — " 


■  [MBUer*>  HuM.  ^erir  utd. )» 
laj  old  Irature  ot  Um  flbal- "' * 

., _ _ Uie  RTDund-aalMaacp  of  be 

If.  iKyer  or  osteabluu  Isiag  ujxm  Uie  newjj  lonocd  mibecnte  a 


is  already  of  a  loose  fibrillar  nature  (Fig.  173,  d)  the  transition  i: 
osteoid  tissue  is  brought  about  through  a  tbickeniug  of  the  ground-si 
stance  (e,/).  The  otiteoblaMs  come  to  lie  iu  irregular  spaces  furnist 
with  processes  (Figs.  174,  c;  175,  6),  and  are  then  usually  known 
bone-eorpttgdat.     In  extensive  development  of  cellular  embryonic  tis 


the  change  into  bone  is  limited  to  certain  ports  of  the  tissue,  so  tl 
within  the  embrj-ouic  tissue  tnilMjcuhe  (Fig.  174,  r)  are  formed,  whii 
so  long  as  they  do  not  undei^o  full  dcvolupmeiit  iutn  bone  iuid  tli  ■ 
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become  calcified,  are  called  osteoid  trabecules.  The  embryonic  tissue 
(6)  lying  between  becomes  changed  into  marrow-tissue  by  the  cells  be- 
eouiiiig  united  to  each  other  through  processes,  while  between  them  there 
appears  a  fluid  basement-substance,  in  which  round-cells  later  appear 
embedded.  If  only  a  little  bone-tissue  is  to  be  formed  and  deposited 
upon  old  bony  trabeculse,  the  osteoblasts  (Fig.  175,  c)  arrange  themselves 
upon  the  surface  of  the  latter,  and  these  later  on  produce  bone  (b)  in  the 
manner  described  above,  which  appears  as  a  new  bony  lamella. 

Fibrillated  connective  tissue,  bone,  and  cartilage  are  closely  related 

to  each  other  and  one  may,  therefore,  be 
easily  transformed  Into  the  other  (see  §  88  ) . 
Mucous  tissue  arises  from  embryonic 
tissue  through  the  formation  of  a  mucin- 
containing,  homogeneous,  gelatinous  base- 
ment-substance between  the  cells  which  at 
least  in  part  become  united  through  proc- 
esses to  form  a  network. 

Lymphadenoid    tissue    can   develop 

Ati'^V^'S&^^n'^^.  f'-O'?  embryonic  tissue  through  the  for- 
fare  Of  Old  bone  (Mttiier's  fluid,  picric  acid,  matiou  of  a  Supporting  reticulum  frOm  a 
SrwiffiS'S^^l^t^bSl^  part  of  the  cells,  while  lymphocytes  gather 

in  the  meshes  of  this  network,  the  spaces 
of  which  contain  lymph.  In  injured  lymphr-glands,  the  cells  of  the  retic- 
ulum prolifei^ate  and  form  ordinary  fibrovs  tissue;  a  reticular  develop- 
ment of  this  connective  tissue  into  lymphadenoid  connective  tissue  either 
does  not  take  place  at  all  or  but  to  a  very  slight  degree. 

5pleen-tissue  is  not  formed  anew  after  injury  to  this  organ;  the 
wound  heals  through  ordinary  cicatrization.  Compensatory  hypertrophy 
does  not  take  place  after  the  removal  of  large  portions  of  the  organ. 

Fat-tissue  arises  through  the  taking  up  of  fat  into  the  cells  of  em- 
bryonic tissue,  mucous  tissue  or  fibrous  connective  tissue,  the  cells  be- 
coming changed  into  fat-cells  through  the  confluence  of  the  fat-droplets 
which  they  take  up. 

The  basement-substance  of  the  tissues  described  above  is  a  product 
of  the  protoplasm  of  the  formative  cells.  Whether  in  its  formation 
portions  of  the  cell-protoplasm  are  changed  directly  into  intercellular 
substance,  or  whether  they  secrete  the  latter,  or  separate  it  from  the  in- 
tercellular fluid,  is  often  a  difficult  question  to  answer ;  but  it  is  probable 
that  only  the  first  two  methods  of  formation  occur. 

Fibrillar  connective  tissue  can  develop  from  any  of  the  connective  tissues  possesa- 
in^  the  power  of  proliferation,  but  there  must  first  be  formed  an  intermediate  stage  of 
embryonic  tissue. 

B(me  arises  chiefly  from  the  periosteum,  perichondrium,  and  endosteum,  but 
nmy  also  develop  from  other  connective-tissue  substances,  as,  for  example,  from  the 
intermuscular  connective  tissue  and  from  the  connective  tissue  of  the  blood-vessels. 

Cartilage  arises  chiefly  from  proliferating  perichondrium,  periosteum,  endosteum, 
and  cartilage  itself;  but  may  also  be  developed  from  other  connective  tissues,  as,  for 
example,  in  the  connective  tissue  of  the  testicle  and  parotid.  The  cartilage-cells  near  a 
lesion  may  under  certain  circumstances  proliferate  and  form  a  large-celled  embryonic 
tissue,  but  this  does  not  reach  any  great  size.  In  the  proliferation  of  cartilage-cells 
within  cartilage  the  cell-multiplication  and  new-formation  of  cartilage  occur  in  the  same 
way  as  in  the  physiological  proliferation  of  this  tissue.  Very  often  the  newly  formed 
cartilage  is  only  a  transitory  tissue,  and  is  soon  transformed  again  into  bone  and  mar- 
row-tissue, or  into  connective  tissue. 

New  lymphadenoid  tissue  may,  under  pathological  conditions,  arise  either  from 
lymphadenoia  tissue  or  fat-tissue  {Bayer)  or  from  nbrillated  connective  tissue.  It  is 
formed  from  the  latter  most  frequently  in  the  connective  tissue  of  the  mucosa  and  sub- 
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mucon  of  the  intestioal  (met. 
muacuUr  conne^ti^■e  tiasue. 
after  splen^nomv  {Warlhin). 

Murout  tittue  may  d«^'elop  irom  aay  prouirniuaic  canneaive-iiaaue  gtiosiaiHc, : 
rarely  appears  in  lar^  masses,  and  ia  usiuulj  a  tnuisitory  fotm  pm-winf  over  either  ii 

Fal-tisrur  ilei-elops  particulnrly  in  those  refrions  normally  containing  fat.  bul  i 
run  also  si  times  in  other  places,  for  example,  in  the  reticular  connectii-e  t'isaae 
atrophic  lymph-elands,  in  the  perimysiilin  internum  of  aln^hic  musiJes.  etc. 

The  doae  rdalionahip  of  the  cooneclivt^tisue  substances  (o  each  other  mablesi 
different  fonns  to  pass  from  one  to  another  without  the  neei]  of  an  intennediale  Hi 
of  embryonic  tissue  produced  by  proliferation.  Further  details  in  tecaid  to  this  pc 
-   '     d  in  f  8S. 
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§  84.  The  new-formation  of  the  red  blood-cells  or  er3rthrocytes  oc- 

cars  through  the  mitotic  division  of  nucleated  young  forms  of  red  cells 
known  as  erythroblasts  (Bizzozero,  Neumann,  l^emming).  In  the 
adult  this  new-formation  is  restricted  to  the  bone-marrow,  and  this  is  true 


298  THE   PROGRESSIVE  CHANGE^,. 

also  of  other  mammalB,  birds,  reptiles,  and  tailless  amphibianfl,  white 
tlte  tailed  amphibians  and  in  fishes  the  spleen  also  takes  part  iu  the  pr 
ess.  Ill  embryonic  life  the  new-formation  and  increase  of  the  red  Mw 
cell  takes  place  throughout  the  entire  vascular  system,  bnt  later  it  I 
comes  restricted  to  the  spleen,  liver,  and  boue-marrow,  and  finally 
the  last  aloue. 

The  entrance  of  the  red  blood-cell  iuto  the  circulation  takes  pli 
after  the  loss  of  its  nucleus. 

In  the  increased  new. formation  of  red  blood-cells  followiug  a  loss 
blood,  as  well  as  iu  severe  chronic  aueemias  and  leukEeniia,  uncleated  i 
blood-cells  may  appear  in  the  circulating  blood  outside  of  the  Ixii 
marrow.  The  fatty  marrow  may  thereby  take  on  again  iu  part  i 
character  of  the  splenoid  marrow,  this  change  being  accomplish^  by  I 
dilatation  and  congestion  of  the  blood-vessels  with  an  increase  iu  t 
colorless  and  red  cells  of  the  marrow,  while  the  fat  present  in  the  a 
porting  reliunliun  dtsappeai'S. 

The  new-formation  of  the  colorless  cells  of  the  blood  and  lym 

grouped  together  under  the  broad  term  leucocytes  occurs  essentially 

the  lymphoid  tissue  of  the  lymph -glands,  mucous  merabraues,  sple> 

thymus,  and  boue-marrow;   but  leucocy 

within    the  blood-  aud  lymph-vessels  s 

tissne-spaces  ontside  of  these  ot^us  n 

also  divide,  and  well-defined  foci  of  pro 

eratiou   may  thus  be  formed.      The  moi 

nuclear  cells,  known  as  lymphocytes,  devei 

chiefly    in    the     first -named    regions,   s 

numerous  karyomitoses  (Fig.  176)  are  e 

stautly   found    in    the   so-called    genui 

centres.      The  polymorphonuclear  or  po(y 

clear  leucocytes  and  the  eosinopki/e  cell*, 

the  other  hand,  are  formed  in  the  bone-ui 

row.     Whether  the   lai^e  cells  with  cli 

Fin.  iTR-fiedion  imm  ibe  mnni-     nucIei  kuowu  OS  monoHudear  Icucoeytfn,  a 

tti™i'^l!''n'.'*'i'iJ!JS'' ^  IS^ii     ^^^  tmmition  forma  with    horseshoe -ahaj 

irmiJi.K-yMi:  c.'kirjotuiiosiflui.  di-     nuclei  developing  from  the  latter,  area 

m^nuiiion':'^e?™ii^"™uuilnB  nS?r     formed    la   the    bone-iuaiTow   is  doubtf 

ii?.tnHi.*riS^'|r^ul*wii1S2     '^^^y  <^"  ^'^  *»  regarded  as  more  ful 

•Umiihsmce  Is  iiniiiiuttn.    x  WO.  developed  lymphocytes. 

A  pathological  iacreaae  of  the  colorli 
cells  (leucocythcemia)  may  take  place  through  an  increased  einigrai: 
of  cells  from  tlie  formative  tissues  without  an  actual  increase  in  o< 
production.  A  long -continued  persistence  of  such  au  efflux  presuppo 
an  increased  prodiiction  also. 

A  transitory  leucocythiemia  is  designated  leucocytosis,  while  a  pen 
neiit  one  is  called  leukwmia.  The  former  is  characterized  by  an  iucre 
in  the  ueiitrophile  polynuclear  leucocytes,  rarely  by  increase  in  i 
lymphocytes.  Two  forms  of  leukiemia  are  distinguished:  a  It/mpha- 
in  which  the  lymphocytes  are  increased,  aud  a  mt/clatiiM  or  w.r' 
leuta^mia,  characterized  by  the  appearance  in  the  blood  of  mnelocijten,  moi 
nuclear  cells  wilh  neutrophile  granulation  arising  in  the  boue-maiTC 
(See  Pathology  of  the  Blood.) 

The  i»i>lynuclear  leucocytes  escaping  from  the  circulatory  system  sli 
no  progressive  changes.  The  mononuclear  cells  of  the  l>looii  iiiay,  on  1 
contrary,  appear  in  various  forms  knowu  as  epithelioid  cells,  phismai-r 
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Masmatocyte^y  and  mast-cells.  With  reference  to  their  power  to  give  rise 
to  diifereut  forms  of  cells  they  may  be  designated  as  polyhlasts  (Maxi- 
mow).    (See  also  chapter  on  the  Inflammatory  Kew-formation  of  Tissue. ) 

According  to  Neumann,  the  young  forms  of  the  red  blood-cells  multiply  in  the 
lymphoid  marrow.  Bizzozero  ana  Deny 8  hold  that  this  new-formation  takes  place 
normally  only  within  the  marrow-vessels,  and  the  new-formation  of  the  red  blood-cells 
is  completed  within  the  same.  The  change  of  the  nucleated  cells  into  non-nucleated  ones 
is  brought  about,  according  to  many  writers,  through  a  disappearance  of  the  nucleus. 
According  to  Rindfleischf  Howell t  MalasseZf  and  Maximow,  the  nucleus  is  extruded. 
According  to  MaximoWf  there  may  be  distinguished  in  the  protoplasm  of  erythroblasts 
possessing  old  pyknotic  nuclei  a  granular  area  surrounding  the  nucleus  and  a  homo- 
geneous peripheral  substance.  Alter  the  extrusion  of  the  nucleus  the  inner  granular 
substance,  which  stains  with  neutral  red  and  other  dyes,  is  at  first  preserved,  but  vanishes 
with  the  ripening  of  the  capsule. 

According  to  Bizzozero,  the  young  forms  of  the  red  blood-cells  are  cells  of  an  individ- 
ual type  that  are  always  hsmogfobin-containing  and  have  no  colorless  ancestors.  Denys. 
LOwit,  HowtUy  and  Pappenheim,  on  the  contrary,  hold  that  they  arise  from  nucleated 
hsemoglobin-free,  colorless  cells  (basophile  leucocytes,  Pappenheim)  Uelieved  by  Denys 
to  increase  within  the  marrow-vessels;  while  Liiwit  thinks  that  the  colorless  antecedents 
of  the  red  cells,  which  divide  by  mitosis  and  which  he  calls  erythroblasts ^  occur  in  the 
lymph-glands  and  spleen  as  well  as  in  the  marrow,  and  lie  both  within  the  vessels  and 
in  the  meshes  of  the  reticular  tissue.  I 

Flemming,  who  agrees  with  Bizzozero  concerning  the  hsmoglobin-content  of  the 
nucleated  young  forms  of  red  cells,  is  inclined  to  assume  that  the  young  forms  present 
in  later  life  are  the  direct  descendants  of  the  young  forms  of  the  embryonic  period. 
Neumann  holds  that  this  hypothesis  is  not  sufficient  to  explain  all  the  phenomena  of 
later  life;  as,  for  example,  the  replacement  of  the  fatty  marrow  whicn  contains  no 
nucleate  red  cells  by  blood-forming  lymphoid  marrow,  and  the  formation  of  red  blood- 
cells  in  such  newly-<ieveIoped  marrow.  He  finds  himself  forced  to  the  conclusion  that 
either  a  development  of  tne  nucleated  red  cells  takes  place  from  the  leucocytes  of  the 
blood  which  after  birth  are  carried  to  the  marrow  through  the  arteries,  or  that  they 
arise  from  the  tissue-elements  of  the  bone-marrow. 

Peirone  believes  that  the  red  blood-cells  of  the  mammals  are  only  apparently  non- 
nucleated,  and  that  it  is  possible  by  means  of  especial  methods  of  fixation  and  staining 
to  render  the  nucleus  visible.  This  invisible  nuclear  substance  is  iron-containing  and 
shows  an  affinity  for  acid  stains,  while  the  nucleus  of  the  erythroblasts  stains  with  oasic 
dyes. 
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§  85.  The  new-formation  of  transversely  striated  muscle-fibres 
takes  its  start  from  portions  of  old  muscle-fibres;  and  although,  after 
injury  to  a  muscle,  the  intermuscular  connective  tissue  may  be  excited 
to  active  proliferation,  there  is  formed  in  consequence  only  connective 
tissue,  or  probably  also  the  sarcolemma  of  new  fibres,  but  never  new 
contractile  substance. 

The  first  signs  of  a  formative  activity  of  the  muscle-fibres  after  injury 
appear  in  the  muscle-nuclei,  in  that  these  become  elongated  and  then 
divide  into  a  varying  number  of  fragments.  Even  on  the  second  day 
there  may  occur  mitotic  division  (Fig.  177,  a,  b^  of  the  muscle  uucleL 
This  form  of  division  seems  to  be  the  only  way  in  which  multiplication 
takes  place,  and  under  favorable  conditions  it  occurs  very  actively  alter 
the  second  day. 

The  behavior  of  the  contractile  substance  of  the  muscle  diflfers  very 
markedly  according  to  the  nature  and  extent  of  the  injury.     Li  the  ofts^ 
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of  traumatic,  toxic,  and  anieiiiic  iojariea  it  suffers  a  fragmentatiou  into 
larger  aud  smaller  portions,,  so  that  ttie  uiuscle-celts  come  to  lie  in  spaces 
of  varying  size  between  the  detritus  of  the  muscle-fibres.  Crushing  and 
tearing  can  bring  about  a  wide  separation  of  tlie  parts  of  the  contractile 
6ub»tauce.  The  ends  of  the  pieces  of  muscle  fibres,  in  such  a  case,  may 
becouical,  oblique,  transverse,  or  torn  in  an  irregular  edge,  butnotinfre- 
queutly  after  a  short  time  the  ends  become  split  into  two  or  more  pointed 
filaments  (Fig.  177  a). 

The  mitotic  division  of  the  muscle-nucleus  takes  place,  not  only  in 
nuclei  that  rest  npon  living  fibres  (a),  but  also  in  the  muscle-cells  lying 
free  iii  the  spaces  between  the  separated  muscle-fibres  (6) ;  and  in  both 
places  leads  to  the  production  of  large  multiuuclear  cells,  which  form 
multinuclear  protoplasmic  masses  on  the  ends  of  the  muscle-fibres  (c,  /) 
as  well  as  on  the  body  of  the  fibres  (e).     Into  these  mas.ses  the  trans- 


fio,  ITT.— PorUDiu  or  iDiucle-abna  sbowlDR  regeneniUto  pn^Benitloi],  tmm  moK'le-wouDiU  of  dll- 
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versely  striated  muscle -substance  passes  without  a  sharp  line  of  demarca- 
tion. There  occurs,  therefore,  at  the  same  time  vHtk  (A«  muUiplication  of 
the  RticM  an  increase  of  the  sarcoplasm  of  the  mmcle-Jibrea,  and  this  becomes 
dUtincUy  visible. 

The  muscle-cellsnot  connected  with  living  contractile  substance  be- 
come changed  into  Utrge  epithelioid  ceUs  with  large  nuclei  (b).  Through 
coutinued  division  of  the  nucleus  these  cells  become  transformed  into 
nuUinudear  protoplaxmic  masses  (d);  and  a  scar,  consisting  of  prolifer- 
ating connective  tiasne,  of  from  eight  to  thirty  days  old,  contains  such 
giant-cells  which  often  enclose  the  remains  of  old  muscle-fibres  (d)  in 
large  numbers. 

The  new  mvacle-Jibres  dev^opf&r  the  chief  part  from  the  richlg  nucleated 
freoplasm,  which  appears  in  the  continuity  and  at  the  ends  of  the  muscle- 
fibres,  in  connection  with  the  formation  of  numerous  large  nuclei,  and 
vbich  through  ite  increase  of  size  causes  an  increase  in  the  thickness  and 
length  of  the  muscles,  which  has  been  designated  budding  by  Neumann. 
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A'ith  the  transformation  of  the  sarcoplasm  into  mnsele-fibrilte  there 
appears  grsiduBlly  a  longitudinal  and  later  a  transverse  striation,  a  sign 
that  the  organic  structure  of  the  plasma  has  completed  its  development 
in  the  way  characteristic  of  muscle. 

The  greater  part  of  the  proliferating  mu^de-ceUs  tchick  hate  no  connedion 
with  living  muscle-fibres  die ;  but  it  is  to  be  noted  that  they  persist  for  a 
long  time,  so  that  not  infrequently  there  may  be  seen  in  musde-scars 
f  nmi  eight  to  forty  days  old  great  numbers  of  protoplasmic  masses  very 
rich  in  nuclei.  Under  certain  circumstances  these  may  form  long,  con- 
ne<*ted  bands,  or  rows  of  separate  pieces  of  protoplasm.  There  cod  be 
no  doubt  that  a  part  of  these  cells  under  favorable  conditions  become 
transformed  into  transversely  striated  mnsde-snbstance ;  and  this  takes 
place  either  by  the  formation  of  new  independent  muscle-fibres  or  by 
union  with  old  muscle-fibres  or  muscle-buds.  The  disconnected  new- 
formation  of  muscle  from  proliferating  muscle-cells  occurs  particolarlv 
when  the  contractile  substance  is  destroyed  while  the  sarcolemnia  re- 
mains intact  (as  in  typhoid  fever).  On  the  other  hand,  the  formation 
of  buds  is  observed  especially  at  the  ends  of  fibres  which  have  been 
divided. 

The  buds  springing  from  the  ends  or  sides  of  muscle-fibres  may  cause 
a  simple  eli>ngation  of  the  muscle-fibre,  frequently  deviating  from  its 
original  direction  (/).  Often  there  are  seen  fibres  which  have  split  into 
two  or  three  parts  (</),  so  that  the  old  fibres  branch  as  they  pass  into  the 
niuscle-M*ar.  As  far  as  we  know,  this  splitting  of  the  fibre  occurs  very 
early  (o),  before  the  proliferating  muscle-nuclei  have  formed  much  sar- 
C4>plasm,  so  that  the  proliferation  ap])ears  first  in  the  split  portions  of 
the  fibre.  As  a  result  of  such  splitting  a  muscle-scar  may  come  to  con- 
tain a  gnniter  number  of  muscle-fibres  than  were  originally  present  in 
the  affeeteil  area. 

li^f^rintphif  of  fnnwrrrsffy  siriated  mum^e  takes  place  through  an 
euhin^enient  of  the  individual  muscle-fibres;  the  tbin  muscle-fibres  in 
)Kirtiouhir  becoming  increased  in  thickness  (Morpnrgo).  The  nuclei  do 
not  biHHmie  increased  in  uuml)er.  On  the  other  hand,  such  an  increase 
diHvs  take  pUuv  in  the  c;ise  of  a  growth  in  length  of  the  muscle;  and  is 
the  it>sult*  nnvt  pnU^ibly,  of  amitotic  division  (Morpuigo). 

A  new^fomMtlon  of  hemrtHnusde  has  not  yet  been  x^ositively  demon- 
stnitinL  After  injuries  of  tlie  hearty  division  figures  appear  in  the  mns- 
ele-ivUs  but  after  a  few  days  these  can  no  longer  be  demonstrated,  and 
the  wound  lieals  thr^Mitrti  the  formation  of  ordinarv  scar-tissne.  Focal 
dep>nerations  of  ilw*  mvivaniium  likewi^  heal  by  connective-tissnecica- 
tli^:llion. 

A  n«^*«4»mMitioii  of  smooth  masde^bres  as  well  as  regeneration, 
^HVUl-s  atter  traumatic  orioxic  and  iscluemic  degen^ation.  It  occurs 
alM>  in  h\]HMlri>phic  ik^w -A^Tii^tioiis  of  masele-tissme — for  example,  in 
tumoi-s  ^'^ml  is  inuiat«>l  bv  niit*Mic  division  of  the  nuclei  of  the  muscle- 
wlK  XX  hu*h  is  foUow^xi  by  division  *vf  ihe  c^lls.  According  to  the  results 
%\f  e\|><^rinw^ntal  ^>^rk  ami  *1^>  of  %»hiY*rvationsiipon  tbe  muscle-tissnes  of 
WrtU,  tlY^^  ivtM>^bH^ti»vn  of  tihns  after  injuries  aud  focal  de^nerations is 
bnt  shi^ht,  iwv^in^:  alter  a  sliort  peritnL  Thusv.  for  example,  defects  in 
tW  ^Musi^n^^^ns  %>f  tbe  si^Nmsh-h  aihi  inieaines  or  of  tbe  Madder  are,  for 
the  etuet  t^'^tl^  ditj^i  onlx  b>  ot»i^Tw*cTi^Tp  tis«;iie. 

H^'f>|^rtltl|>ll>*  of  jvmoikli  mmjiJt  tifcrt  is  a  pbeiicim»ion  which,  within 
eeH^^u^  hmUN  is  of  xvn  f  r^ireni  <K>cumracft.     In  the  pregnant  uternij 
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the  size  of  the  muscle-cells  may  reach  five  to  ten  times  tlfe  ordinary  size. 
Of  other  organs  the  bladder  most  frequently  shows  a  marked  hypertro- 
phy of  smooth  muscle. 
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§  86.  Regenerative  new-formation  of  the  nerve-elements  of  the 
central  nervous  system  through  the  new-formation  of  ganglion-cells 

most  probably  does  not  occur  iu  man  and  mammals  in  post-embryonal 
life.  According:  to  the  investigations  of  Stroebe,  on  the  other  hand, 
divided  nerve-Jlbrils  (in  mammals)  may  grow  lengthwise  to  a  certain  extent 
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through  sprouting  of  the  axU-eyUnder ;  aud  this  is  true  particularly  of 
fibres  of  the  pyruiiiiiiiLl  tracts  and  tlie  posterior  roots,  both  of  vh 
after  being  divided  (jrow  into  tbe  sear-tissue  developing  at  tUe  site  of 
wound,  tbc  former  in  a  downward  direction,  the  latter  upward.  A  ci 
plete  restoration  of  nenons  tissue  does  not  take  ])hu;e,  and  a  deftd 
tlie  siiinal  cord  due  to  trauma  is  replaced  essentially  by  connective 
Boe,  in  part  also  by  neuroglia.  According  to  inrestigatioaB  by  Boi 
new  axis-cylinders  may  be  formed  within  the  new-formed  nean^lia 
the  neighborhoo<i  of  cereliral  lesions,  and  medullary  nerve-fibrils  may 
produced  by  the  outgrowth  of  old  fibres. 

Regenerative  and  hypertrophic  proliferations  of  neurosis  are  p 
nomena  which  occur  frequently  in  diseased  coudilions  of  the  (eu 
nervous  system,  and  either  follow  degenerative  changes  of  the  i»en 
elements,  or  in  part  also  destruction  of  the  neurt^lia.  or  they  i 

appear  without  s 
antecedents,    in 
,  latter  case  arLsin^ 

part  during  the  pel 
of  development. 

The  new-for 
tion  is  brought  at 
by  mitotic  divisio 
the  nuclei  and  i 
bodies  of  the  ^ 
cells,  eventually 
of  the  ependyma-o 
The  newly  for 
glia-oells  prodi 
later  a  great  profn 
of  delicate  fibr 
processes  (Fig. 
a),  and,  as  in  tiie 

na.  ITB.— 8cl«n«lc  ttaw  hnn  Ibn  pnalattr  OCdnmiu  (tf  a  aae  of  mal  tlsSQeS  Of  the 
DiDlUple  HlenwlilMailer'i  fluid.  MillorT'imetlud.  a.  Oll*-<rlls  wlili  ^.-^t  ,u,i.i-nnB  cvct 
DunMTOUii  promw*.  wn  In  loaglladiiiKl  ■ecUoo ;  b,  uleroUo  Uwu        "*•    uer\OU8    bjhi 

wiib  inoneneiy  cm  Eiia  Dbret.   x  600.  there  may  be  di: 

gnished  among  t 
cells  which  are  known  as  astrocytes  (Deiter's  cells)  two  varieties,  th( 
called  "moggy  ceSs"  {Kurestrahler)  and  the  so-called *'«pMler-c(^"(f< 
gtrahler)  with  long,  stiff,  less-freely  branchiug  processes  {a). 
processes  of  these  cells  form  sometimes  a  loose,  sometimes  a  dense 
work  of  fine  fibrillee  (a,  6)  in  which  the  cells,  which  have  but  little  pi 
plasm,  are  embedded.  After  full  development  of  the  tissue  a  sepora 
of  the  processe.s  from  the  cell-bodies  may  take  place.  The  thickei 
of  the  tissue  caused  by  the  proliferation  is  known  as  srfcroaia. 

Remunerative  new-formation  of  tlie  nerve-fibres  of  tbe  periph 
nervous  system  is  of  very  frequent  occurrence  and  takes  place  ii 
those  cases  in  which  through  any  influence  the  continuity  of  a  ne 
fibre  is  entirely  or  partially  interrupted.  For  its  accomplishment,  1 
ever,  it  is  indeed  necessary  that  the  ganglion -cells  whose  processes  f 
the  nerve-fibres  in  qnestion  be  preserved. 

When  a  nerve  has  been  severed,  the  axis-cylinders  and  medal 
sheaths,  in  the  distal  portion,  undergo  degeneration,  the  latter  breal 
up  into  drop-like  detritus,  which  later  is  dissolved.  During  the  d 
t^ratiou  of  the  nerve-fibres  the  nuclei  situated  beneath  the  sheat 
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Schwann  nndei^  mitotic  diviBiOD  and  form  cells  rich  in  protoplasm, 

which  may  take  up  into  themselves  the  products  of  the  destruction  of 

the  nerve -fibres. 

Of  the  proxima,!  portion  of  the  nerve  the 

peripheral  extremity  alone  degenerates,  as 

far  as  the  next  Kanvier's  node,  or  the  next 

one  beyond. 

The  regeneratioii  of  the  nerves  begins  a 

few  days  after  the  operation,  in  the  proximal 

portion,  abont  0.4—2  cm.  above  the  cut  end. 
The  first  change  consists  in  a  swelling  of 

individual  axis-cylinders  in  the  peripheral 

parts  of  the  nerve-bundle  of  the  proximal 

end,  which  is  later  followed  by  a  splitting-  . 

off  of  two  to  five  or  more  new  axis-cylindera. 

The  new  axis-cylinders  arising  in  this  way 

from  the  old  ones  grow  in   a  longitudioid 

direction  (Fig-  179,  a,  h)  and  form,  within 

the  sheath  of  Schwann,  whole  bundles  (Figs. 

179,  c ;  180,  e)  of  newly  formed  nerve-fibres, 

which  for  the  most  part  fill  np  the  entire 

lumen  of  the  old   nerve-tubes,  and  indeed 

stretch  it,  and  more  rarely  enclose  remains 

of  the  old  fibres  (Fig.  180,  /).     Single  fibres     «ntnSi^f™.r^«°^''pJSXf 

mav  even  break  through  the  old  sheath  of     "•"."?■  Jj  !2,W";^.'"»i  r*^"""  'll!; 

Schwann,  and  then  either  extend  further  in     ner¥e-iibres.iromH-hietisBve™iyouni( 

(he  endoneurium,  or  penetrate  through  the     ilT.S/' «'!!'ii  jC/^e^nb,^''*  x 

perineurium   of  the  nerve-bundle   into  the     i*"- 

epineurinm. 

In  this  way  there  are  formed  on  the  lower  end  of  the  proximal  portion 

of  the  ner\'e  a  lai^  number  of  new  nerve-fibres,  which  in  the  beginning 
consist  only  of  the  newly  formwJ  axis- 
cylinders,  but  immediately  surround 
themselves  with  a  medullary  sheath, 
which  by  reason  of  its  irregular  de- 
velopment gives  to  the  ner\'e-fibre8  a 
varicose  appearance  (Fig.  179,  c). 
Later  the  fibres  acquire  a  nenrilemma- 
sbeath  —  that  is,  a  connective-tissue 
covering  which  is  prol)ably  formed 
from  the  nerve-corpuscles  concerned  in 
the  proliferation. 

When  a  nerve  is  entirely  sevei'ed 
and  there  is  no  possibility  of  a  union 
with  the  distal  portion — as,  for  ex- 
ample, occurs  in  all  amputations  of  the 
extremities — there  is  formed  in  the  re- 
gion of  the  cut  end  an  embryonic  tissue, 
springing  from  the  connective  tissue  of 
the  ner\'es,  which  later  on  becomes 
changed  into  connective  tissue.  In  the 
beginning  free  from  nerves  this  con- 
nective tissue  becomes  penetrated  by 
young  nerves  growing  out  from  the 
20 
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nerre-fibreH  of  the  uene-sttimp,  which,  arranged  in  small  bandies 
Hcattered,  groic  iuto  the  connective  tissue  and  penetrate  it  in  eren  di 
tion  (Fig.  181).  Not  infreqaently  the  growth  of  nerves  is  bo  eiten 
that  nodular  or  clubbed  Rwellings  (Fig.  181,  b)  arise  on  the  ends  of 
nervcH.     ijuch  a  swelling  is  known  as  an  amputatiOH-neuroma. 

When  a  ner\'e  after  division  is  again  united,  or  if  the  division  of 
nerve  is  only  partial,  the  neo'e-fibren  growing  out  from  the  proximal 
after  penetrating  the  connective  ti 
formed  in  the  site  of  the  wound,  ma 
part,  or  all,  find  their  way  into  the 
ipheral  portion  of  the  nerve  where,  id 
mean  time,  the  nerve-fibres  have  been 
stroyed.  In  this  way  the  dulai  end 
again  become  neurotixed — that  is,  supp 
by  new  nerves.  According  to  invea 
tiolis  of  Forssmann,  the  direction  of 
newly  growing  fibres  is  governed 
chen^otactic  influences  arising  from 
disintegration -products  of  the  old  ne 
fibres. 

According   to    the    investigations 

Vanlair    the   growth    of   a  regenera 

ncne  is  about  0.2-1  mm.  daily,  ace 

ing  to  the  character  of  the  tissue. 

portion  of  the  new  nerve-fibres  may  ] 

etrate    into   the   old,    empty    sheath 

Schwann ;  others  extend  into  the  epii) 

imn  and  perineurium,  and  in  this  si 

tion  grow  toward   the  periphery  to 

end-organ.    Single  fibres  may  passbv 

end  of  the  nerves,  and  grow  toward 

periphery,  either  along  the  old  nen't 

by  an  independent  route.     Many  fit 

which  lea^-e  the  old  i-oute,  are  finally 

in  the  tissues.     In  the  lower  portioi 

the  intermediate  substance  (Vaiilah) 

ner\'e- St  rands      begin      to      collect 

bundles  again,  and   with   the   fonua 

of  a  perineurium  about  the  latter,  thi 

Fin.  181.'  Ampiiwti.m-tifummB  of  tbx     ^nerated  nene  takes  on  more  and  i 

nuutton  ni  ni-rvf  pirn-  ynn  pivvkHDiy)     the  Structure  of  a  normal  nerve. 

iMaiief.  BUM).  *  NBrY«;  h,  d.tirom..  ^he  above- described  process  of  n- 

eration  requires  for  its   accomplishr 

weeks  or  even  mouths,   and  sometimes  is  not  complete  after  sev 

months. 


Tho  quMtlnn  of  tlir  rexrnerattoD  of  the  central  nervous  system  in  still  l 
lilRCtisslon.  U  is  jtPDomlly  acif  pu-d,  ua  iiaving  been  estabtisbcd  iierond  nil  doubt. 
fit  the  ciild-hloodfd  anlmnK  reptiles,  and  tailed  amphibia,  a  regenerative  Dcw-f< 
gatioDof  portloDs  of  the  cpnlral  nervous  system  can  take  place.  In  theraseof" 
bliKided  animals,  partlciilurly  iu  the  inamitials.  tiin  mnjority  of  experimental  in' 
^tloiis  have  failrd  to  dt-mnnstmte  a  regenerativo  new-fomiation  of  gatigliiwn 
TWffn-Ai.  YitB'H  and  ot)ieT«.  claim  to  have  observed,  after  injuries  of  various  k 
bi>t.h  a  new-formation  of  neurotrlia  and  of  ^nelioa-cells  and  nerve-flbres:  t>ui 
Invvsiigatlons  carried  out  in  my  laboratory  by  TiehiMto^tteh  seem  to  me  to  cootr 
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these  assertions.    The  results  obtained  by  Orvnert  in  experimental  work  with  pigeons 
agree  with  the  conclusions  arrived  at  by  TfichiHiomisch. 

Monti  and  Fiesehi  could  demonstrate  no  evidences  of  regeneration  in  the  ganglion- 
cells  of  the  sympathetic  after  injuries.  IWelU  found  only  degenerative  changes  in 
the  ganglion-cells  of  the  intervertebral  ganglion  after  injury  of  the  same. 

The  new-formatloQ  of  peripheral  nerve-fibres  has  been  made  very  frequently 
the  subject  of  experimental  research,  and  different  observers  have  come  to  very  differ- 
ent conclnsiona  (sec  Stroebe,  I.  e. ).     The  above -described  mode  of  new-formation  I  regard 
as  firmly  established,  in  so  far  as  its  essentials  are  concerned,  upon  the  ground  of  per- 
sonal investigations.     1  have  been  unable  to  confirm  the  views  of  ^ieumann,  Dobbert, 
Daszkteicicg,  Cnttani,  Weir  Mitchell,  Uluck,  Btneke,  ton  BUfiffner,  Wieting,  and  others, 
who  liold  that  the  new  fibres  in  the  distal  portion  of  the  severed  nerve  rise  autochthon- 
ously  from  the  nuclei  of  the  sheath  of  Schwann,  or  from  the  old  axis-cvlinder,  or  from 
a  protoplasmic  mass  formed  by  a  chemical  transformation  of  the  medullary  sheath  and 
axis-cylinders  (Neumann-Ikmert).     The  view  held  by  BeChe^  that  the  nerve-Cbres 
arise  without  participation  of  the  ganglion -eel  Is  in  the  fused  ectodermatic  cells  whose 
remains  later  represent  the  cells  of  Schwann,  appears   to   me  to  have  been  shown 
by  Yon  KOlliker  to   be  incorrect.      Likewise,  the  attempt  made  by  lieumann  and 
Wieting  (Marehand)  to  bring  into  accord  the  established  fact  of  the  outgrowth  of  the 
axis-cylinders  of  the  proximal  portion  into  the  scar  uniting  the  severed  ends,  with  the 
theory-  of  the  origin  of  new  nerve-fibres  from  the  nuclei  of  the  sheath  of  Schwann,  or 
from*the  remains  of  old  fibres,  or  from  both,  by  the  assumption  that  the  axis-cylinders 
growing  from  the  proximal  end  convey  a  stimulus  from  the  nerve-centres  to  the  distal 
portion  and  thereby  make  possible  the  development  of  new  fibres,  I  reganl  as  unsuc- 
cessful, and  hold  to  the  above-given  view.     lam  further  of  the  opinion  that  the  medul- 
lary sheath  is  not  formed  by  the  cells  of  the  sheath  of  Schwann,  but  represents  a  product 
of  the  axis-cylinders ;  but  further  investigations  as  to  this  point  are  needed.    According 
to  iViW,  Marimsco,  and  others  (see  Barbacci,  I.  c.)  there  occurs,  after  the  severing  of  a 
nerve,  first  a  degeneration  in  the  corresponding  ganglion-cells  with  disintegration  of 
the  Nissl's  bodies,  and  this  may  lead  to  the  destruction  of  individual  cells.    Later, 
progressive  changes  with  new-formation  of  chromatin  take  place,  and  may  lead  to 
hypertrophy  of  the  cells  (Marinetico);  these  changes  reach  their  maximum  in  about 
ninety  days,  after  which  time  there  is  a  return  to  the  normal  condition. 

'the  regenerative  new-formation  of  tlie  tissues  of  tlie  eye  has  in  recent  years 
l)een  repeatedly  an  object  of  research.  According  to  Wolff,  Midler,  and  KochA  the  len$ 
of  tritons  may  regenerate,  after  removal,  by  means  of  a  proliferation  of  the  epithelium 
of  the  inner  layer  of  the  iris.  According  to  RoitUg,  the  same  thing  occurs  in  the  trout. 
(joniii  observed  in  rabbits,  after  the  lens  had  been  removed  in  such  a  manner  that  the 
capsule  and  some  of  the  equatorial  lenticular  fibres  and  epithelium  of  the  anterior  wall 
were  left  behind,  that  there  occurred  a  proliferation  of  this  epithelium,  leading  to  the 
union  of  the  anterior  and  posterior  walls  through  cells  resembling  connective-tissue 
cells.  A  new-formation  of  lenticular  fibres  from  these  cells  does  not  take  place. 
Hemains  of  the  lenticular  fibres  may  form  a  rudimentary,  useless  lens,  which  in  the 
case  of  young  animals  may  become  somewhat  enlarged  through  the  growth  of  the  fibres. 
HaudfAph  obtained  somewhat  better  results  in  guinea-pigs.  In  the  human  eye  similar 
formations  are  seen  after  removal  of  the  lens,  and  are  known  under  the  name  of  **  Krys- 
tallwulst "  {Baas).  According  to  Franke,  Kruekmann,  and  Stoewer,  the  sclera  possesses 
but  slight  power  of  proliferation.  Wounds  of  the  same  are  healed  chiefly  through 
proliferation  of  the  choroid  and  episcleral  tissue. 

According  to  Baquis,  there  occurs,  in  the  injured  retina  of  the  rabbit,  division  of 
both  sanglion  and  neuroepithelial  cells.  According  to  KrOckmann,  the  pigment- 
epithelium  is  capable  of  extensive  regeneration,  but  neuroepithelium,  on  the  other 
band,  is  not  again  formed. 
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Ill*  The  Results  of  Transplantation  and  Implantation  of  Tissues  and 

Organs. 

§  87.  The  local  regeneration  of  tissue  is,  as  mentioned  in  the  last  part, 
very  often  but  slight,  so  that  losses  of  tissue  may  be  followed  by  perma- 
nent defects,  and  in  place  of  the  original  structures  there  may  appear 
only  a  cicatricial  tissue  of  a  lesser  value.  Consequently,  from  practical 
reasons,  many  attempts  have  been  made,  through  transplantation  and 
Implantation  of  tissue,  to  aid  and  to  improve  the  healing-process;  and 
such  attempts  have  in  part  been  successful.  At  the  same  time  they  have 
also  thrown  light  upon  the  individual  life  of  the  tissues  and  upon  the 
behavior  of  the  organism  toward  implanted  living  tissue. 

The  most  successful  results  have  been  obtained  in  the  transplantation 
of  tissues  which  remain  connected  with  their  nutrient  vessels,  since  the  same, 
at  the  point  of  union  between  the  transplanted  portion  and  the  under- 
lying tissues  upon  which  it  is  placed,  grow  together  with  the  latter  in 
essentially  the  same  manner  as  do  the  edges  of  the  wound  in  the  case  of  a 
cut.  This  method  is  utilized  most  frequently  in  the  case  of  plastic  oper- 
ations upon  the  surface  of  the  body,  but  it  finds  application  also  in  inter- 
nal surgery.  For  example,  wounds  of  the  bladder,  intestine,  ureters, 
tubes,  etc.,  may  be  easily  closed  through  implantation  of  the  omentum; 
and  the  surface  presenting  upon  the  lumen  of  the  organ  concerned 
becomes  very  quickly  covered  over  by  the  neighboring  epithelium,  which 
extends  over  it  from  the  edges,  or  is  also  transplanted  from  the  opposite 
epithelial  surface  (Cornil,  Carnot) ;  while  the  omentum  itself  grows  to 
the  adjacent  wound-surfaces,  and  thus  through  changes  in  its  structure 
completely  closes  up  the  defect.  Very  often  such  an  implantation  of  the 
omentum  occurs  spontaneously,  as,  for  example,  in  the  case  of  traumatic 
or  ulcerative  perforations  of  the  intestine,  stomach,  gall-bladder,  etc., 
and  even  large  openings  may  be  closed  in  this  manner.  As  experimental 
investigations  have  shown,  portions  of  intestine  provided  with  blood- 
vessels may  be  implanted  into  other  portions  of  the  intestines,  into  the 
bladder  (Enderle),  stomach  (Reerink),  and  can  heal  perfectly  in  these 
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locations  with  preservation  of  their  own  epitheliom.  Likewise,  portions 
of  bone  or  eartila^^e  connected  with  the  periostenm  or  x>enchoD(lrium 
respectively-,  and  with  nutrient  vessels,  may  be  implanted  into  neighbor- 
ing tissne. 

Transplantations  of  tissues  completely  freed  from  their  basement- 
structures  have  also  been  sncce:«ifnlly  jjerformed,  since  cells  looseDed 
from  their  connection  with  the  organism  are  able  to  preserve  their  vital- 
ity for  a  certain  length  of  time.  The  cells  of  the  epidermis  are  able  to 
live  for  the  longest  time;  when  kept  cool  they  maj'  be  preserved  alive 
for  several  (two  to  nine)  days  (Wentscher  claims  to  have  been  able  to 
preserve  epithelium  alive  for  twenty-two  days).  Ciliated  epithelium  may 
also  be  preserved  alive  for  several  da3rs  and  still  show  movements  of  the 
cilia.  Next  to  the  surface-epithelium  in  this  respect  stand  the  connec- 
tive tissues,  while  other  tissues  quickly  die,  the  cells  of  the  brain  and 
kidney  most  rapidly,  dying  within  a  few  hours  after  an  obstruction  to 
the  blood-supply.  According  to  the  investigations  which  have  been 
made  up  to  the  present  time  the  tissues  of  the  skin,  periosteum,  inter- 
articular  cartilages,  muscle  and  cartilage  easily  preserve  their  vitality 
for  two  to  three  days.  Morpurgo  found  cells  of  the  periosteum  to  \k 
capable  of  reproduction  even  after  seven  to  eight  days.  The  tissues  of 
the  vessels,  tendons,  and  neurilemma  apx)ear  to  be  somewhat  more  re- 
sistant. Exact  statements  with  regard  to  this  point  cannot  be  made  at 
present,  since,  on  the  one  hand,  the  expiration  of  life  does  not  take  pliuie 
suddenly,  but  gradually  with  the  constant  diminution  of  vital  cells;  and, 
on  the  otlier  hand,  the  conditions  under  which  the  excised  portions  of 
tissue  are  preserved  also  influence  the  duration  of  life. 

Transplantations  of  skin  give  the  best  results,  and  were  first  recom- 
mended by  Reverdiu  and  Thiersch  for  the  healing  over  of  broad,  open 
wounds  and  have  since  been  extensively  used  for  this  purpose.  The 
material  used  consists  of  pieces  of  skin  which  may  be  taken  either  from 
the  same  individual  or  from  another  i)er8on.  Ordinarily,  strips  of  skin 
removed  by  means  of  a  sharp  knife  are  used,  which  include  the  tips  of 
the  papillie  and  the  upper  layers  of  the  corium.  Epithelium  in  connec- 
tion with  a  thicker  laj-er  of  the  corium  may  also  be  successfully  traiij^- 
planted,  and  in  the  case  of  injuries,  large  portions  of  the  skin  which  have 
been  completely  torn  off  may  be  again  joined  by  healing  to  the  deeper 
tissues  on  the  very  same  spot  from  which  they  had  been  removed. 

The  transplantation  may  be  made  either  upon  a  fresh  wound-snrfaoe 
or  upon  one  already  showing  proliferation.  The  strips  of  skin  are  held 
firmly  in  place  by  means  of  moist  bands  of  gauze.  The  pieces  of  skin 
become  fastened  to  the  surface  of  the  wound  by  means  of  coagulate<l 
blood  or  lymph.  In  successful  cases  a  firm  union  with  the  underlying 
tissue  takes  place  within  about  eight  days. 

The  nourishment  of  the  transplanted  pieces  (Fig.  182,  d)  is  obtained 
first  from  the  tissue-fluids  which  exude  from  the  underlying  tissues. 
Later,  there  begins  in  the  latter  a  vascular  connective-tissue  proliferation 
(6,  c),  and  the  transplanted  portion  becomes  penetrated  from  below  by 
new  blood-vessels  {g)  accompanied  by  fibroblasts,  so  that  it  finally  l>^* 
comes  interspersed  with  new  blood-containing  vessels  and  areas  of  granu- 
lation tissue.  Under  favorable  conditions  the  old  vessels  may  agaui 
become  ox)ened  through  the  ingrowth  of  new  veasels. 

The  behavior  of  the  transplanted  portion  varies  in  individual  cases, 
the  ntunber  of  cells  living  and  proliferating  changing  with  the  eondi- 
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tious.  A  part  of  the  ceUs  of  the  trawtpianied  portion  is  always  lost,  and  this 
is  shovn  macroscopically  in  part  by  the  repeated  desquamation  of  the 
superficial  layers  of  the  epithelium  (/),  Other  ceBs,  both  epitiieluil  and 
conm-ctive-tusue  celU,  proli/erate  and  produce  new  tissue. 

The  final  outcome  of  a  suceesMfiil  tninaplantation  is  the  covering  over 
of  the  area  with  transplanted  epithelium  and  in  part  also  by  transplanted 
curiam.  Through  the  latter  it  is  made  possible  that  the  cicatricial  area 
comes  to  possess  papillie.  To  what  exteut  in  a  given  eaae  the  superficial 
layers  of  the  cutis  arise  from  the  skin-graft  or  to  what  extent  from  the 
titisue  npou  which  it  in  planted,  cannot  be  determiued.     If  the  papillary 
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bodies  remain  preserved,  a  portion  of  the  tissue  may  Ije  formed  from 
immigrating  fibroblasts.  After  a  time  the  trausplauted  area  comes  to 
contain  nerves  which  grow  into  it  from  the  edges,  and  there  is  restored 
first  the  tactile  sense  (Slransky),  later  the  sensibility  of  pain  and  temper- 
ature. New  elastic  tissue  also  develops,  as  in  ordinary  scars,  from  the 
ends  of  the  old  fibres. 

Besides  skin-transplantatious,  there  have  been  attempted  transplanta- 
tions of  almost  all  the  tissues:  periosteum,  bone-marrow,  bone,  muscle, 
uerves,  thyroid,  pancreas,  adrenals,  mammary  gland,  mucous  glands, 
ovary,  testis,  etc. ;  also  of  tissue -combinations,  as,  for  example,  a  rat's 
tail  from  which  the  skin  has  been  stripped.     Embryonal  tissue  has  also 
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been  transplanted  in  a  variety  of  ways.  Finally  the  attempt  has  also 
been  made  to  transplant  tissues  from  one  animal  to  another  of  a  different 
species. 

Such  transplantations  have  been  made  upon  open  wounds,  into  the 
subcutaneous  tissues,  x)eritoneal  cavity,  glandular  organs  and  lungs, 
either  by  direct  operative  procedures  or  by  the  introduction  of  the  ti^ne 
into  the  blood-stream  through  the  blood-vessels. 

The  results  of  all  these  experiments  may  be  summed  up  as  follows: 

In  all  transplanted  tissues  there  occurs  first  a  degeneration^  and  a  part  of 
the  tissue  dies.  After  a  certain  time  there  usually  results  Skproliferatm 
of  the  remaining  portion,  which  may  lead  to  a  new-formation  of  tissne. 
Connective- tissue  cells  form  new  connective  tissue;  periosteum  and  end- 
osteum  form  bone  or  connective  tissue;  muscle-cells,  new  muscle;  carti- 
lage, new  cartilage;  surface  epithelium,  new  epithelium  (epithelial  cysts). 
Of  the  glands  the  thyroid,  mucous  glands,  and  mammary  glands  may 
form  new  glandular  tissue,  while  such  a  new-formation  does  not  take 
place  in  the  case  of  the  kidney,  liver,  testis,  and  ovary.  In  the  case  of 
the  liver  only  the  epithelium  of  the  bile-ducts  proliferates.  Only  in  the 
case  of  the  transplantation  of  the  ovary  into  the  peritoneal  cavity  of  the 
same  animal  can  the  ova  ripen  and  pregnancy  occur  (Knauer,  Ribbert, 
Gregorieff).  The  tissues  of  young  individuals  in  general  show  a  greater 
capacity  for  proliferation  than  those  of  old  ones.  In  the  case  of  the 
transplantation  of  complicated  tissues,  as,  for  example,  the  skinned  tail 
of  a  rat,  all  the  different  tissues  may  produce  new  tissues  and  the  whole 
piece  grow. 

Umbryonal  tissue  can  likewise  grow  after  transplantation  and  become 
differentiated,  and  it  is  shown  that  firm  cartilage  in  particular,  which  in 
later  life  shows  but  little  power  of  proliferation,  is  longer  preserved  and 
shows  further  growth,  while  the  delicate  soft  tissue-formations  easily  die. 

After  a  certain  time  there  occurs  in  almost  all  the  transplanted  tissues, 
as  well  as  in  the  newly  formed  tissue,  a  retrograde  change^  and  they  are 
finaUy  destroyed  through  the  ingrowth  of  tissue  from  the  neighborhood.  The 
time  at  which  this  occurs  varies  with  different  tissues,  and  is  dependent 
partly  ui>on  the  character  of  the  tissue,  and  partly  upon  the  Burroundiug 
conditions.  Implanted  surface-epithelium  can  under  certain  conditions 
remain  permanently,  and  give  rise  to  epithelial  cysts.  Portions  of  thyroid, 
mammary  gland,  and  pancreas  are  preserved  for  a  long  time.  Cristiani 
found  pieces  of  thyroid  intact  two  years  after  implantation.  The  major- 
ity of  the  tissues,  however,  disappear  within  a  few  months.  In  glani^ 
which  are  not  capable  of  proliferation  the  gland-cells  die  first.  If  all  of 
the  implanted  piece  is  not  destroyed  it  may  become  encax)sulated. 

Tissue  of  different  species,  when  transplanted,  does  not  grow,  but  is 
either  destroyed  or  encapsulated,  sometimes  quickly,  sometimes  slowly. 

According  to  the  published  observations,  the  implantation  of  tissue  dm 
not  lead  to  the  formation  of  a  permanent  tissue  from  the  transplanted  piece 
except  in  the  case  of  the  transplantation  of  skin.  Nevertheless,  such  an 
implantation  may,  under  especial  conditions,  have  a  transitory  or  perma- 
nent value.  The  implantation  of  thyroid  or  pancreas  tissue  may  for  a 
certain  time  check  the  harmful  consequences  of  the  loss  of  these  glands. 
Through  implantation  of  a  tissue  into  a  defect  a  temporary  filling  of  the 
latter  may  be  produced,  and  the  neighboring  tissues  are  thus  permitted  to 
proliferate  for  a  longer  time,  and  to  form  a  greater  amount  of  new  tissue 
along  the  framework  afforded  by  the  implanted  i>ortion,  and  so  finally  to 
close  up  the  defect  completely.  Bone  (not  connected  with  nutrient  ves- 
sels) when  implanted  into  a  portion  of  the  skeleton  is  destroyed,  and 
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absorbed  (equally  so  in  either  case,  whether  living  bone  or  dead  and 
macerated  bone  is  implanted),  and  is  replaced  by  new  bone  arising  from 
the  neighboring  periosteum  and  endostenm.  In  this  way  tliere  may 
be  obtained  a  better  healing  of  the  bone-defect,  and  such  implantations 
of  bone  or  cartilage  may  also  be  made  use  of  in  the  case  of  other  tissues, 
for  the  stimulation  of  a  more  abundant  production  of  tissue  for  the  pur- 
pose of  filling  up  tissue-defects. 

The  transplantation  of  nerves  has  never  resulted  in  the  new-formation 
of  a  nerve  from  the  transplanted  piece.  The  attraction  which  the  prod- 
ucts of  disintegration  of  a  nerve  (Forssmann)  exert  upon  the  axis-cylin- 
ders growing  into  the  wound  may  be  utilized  to  direct  the  course  of  the 
growing  nerves  into  certain  channels. 
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IV.  Metaplasia. 

§  88.  Tissue  metaplasia  is  that  process  by  which  a  tUsu^  already 
formed  is  changed  into  another  closely  related  without  the  iuterventiou  of 
a  cellular  embryonic  or  grauulation-tissue  stage.  Tissue  metaplasias 
play  a  very  importa.ut  role  in  the  development  of  the  individual  connec- 
tive-tissue formations,  particularly  in  the  formation  of  bone,  cartilage, 
and  marrow-tissue.  Through  proliferation  of  the  periosteum  or  endos- 
teum  there  is  often  first  produced  ordinary  fibrillated  connective  tissue 
which  later  undergoes  a  transformation  into  osteoid  tissue,  bone,  or  carti- 
lage. In  the  case  of  a  metaplasia  of  connective  tissue  inio  osteoid  tissue  there 
occurs  without  further  cell-proliferation  a  condensation  of  the  gromid- 
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substance  (Fig.  18.1,  a,  ft)  which  leads  by  a  gradual  transformation  to 
ihe  formatiou  of  an  osscons  ground -substance  (e)  staining;  red  with  (er- 
mine or  eosiu  or  fuclisin.  Should  there  further  occur  a  deposit  of  Jime- 
salts  (Fig.  184,  c)  true  bou^  trahrculai  may  be  formed. 

In  the  metai)la.sia  of  connective  tissue  into  cartili^e  the  ground-sub- 


iiilly  developed  in 


Hated  connecllve  tlBsue;   b,  connective  tl 


stance  becomes  thicker  bnt  at  the  same  time  more  clear  and  stains  less 
intensely  (Fig-  185,  c)  than  the  connective  tissue  (6).  The  cella  In- 
creiise  in  size  and  come  to  lie  in  round  Bpaces.  Such  changes  may  be  ob- 
served in  the  periosteum  and  endosteum  as  the  result  of  traumatic  or 
infectious  processes  or  in  the  new -formation  of  fibrous  tissue  associated 
with  tumor  formations  (Figs.  183  aud  185).  In  the  healing  of  wounds 
in  the  tracheal  cartilages  which  are  first  closed  by  scar-tissue  developing 
from  the  perichondrium,  cartilage  may  be  develoi>ed  later  in  the  same 
manner  (Fig.  186,  b). 

If  normal  or  pathological  new-formed  cartilage  becomes  penetrated  by 
mood-regseU  the  cartilage -eel  Is  after 
the  dissolving  of  the  ground-sub- 
stance may  form  reticular  ronnefiive 
ti»ime  through  the  development  of 
brauched  processes  (Fig.  187,  b,  c), 
which  through  the  enclosure  of 
marrow-ceU»  takes  on  the  character 
of  marromtisme,  or  through  the  tak- 
ing np  of  fat  by  the  cells  may  be- 
come changed  into  adipose  tissue.    If 

in  the  vasialarizatlon  of  the  cartl-  ^J  '!iSjr'Si:»!;r.,'™°cSS: 
l!«6  trabecaliB  of  cartilage  remain  KS'SSmSrffS'SSSS'j 
these  may  be  transformed  into  otteotd  uw  uppw  ]■«.  n,  connecUTe  uame ;  b.  twck- 
iuatuif  /Via  1S8  f\  wtiioh  whon  enemnsoe.  formlm  Uie  groundwork  of  OB  new 
assite  ^^lg.  io»,  J)  wnicD  wneo  bona;  t.dBportt«of  mnfraana^AmnBecuve^to- 
Btaiaed  with  luematoxyliu  and  eosiu     lueoeUt 
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takes  an  intense  red  stain,  vbile  the  unchanged  cartilage  stainti  bli 
Throagli  the  deposit  of  lime  wiltK  it  may  later  be  changed  into  bo 
In  chronic  iuflamniatiou  of  the  joints,  cartilage  may  be  trmu/onned  i 


e,  fully  developed  carUlaKe. 


nders^DB  meMplsBia  liilo  cutUage. 
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ordinary  fbrWMed  connective  tinsue,  particularly  wheu  its  free  surface  is 
covered  with  connective  tissue. 

The  metaplastic  processes  thus  described  are  conuected  with  preced- 


ria.  IBS.— MMBplMa  ot  cutUnse  InM  nMeoM  tiMue.  la  a  callus  tourmn  Oays  <i[il  (MDIIer's  Oald, 
[*Tli'af1fLli»m»loijlin,  camlni!).  a.  Hjftllne  carUliigB;  J>.  mBrrow-Bpans;  r,  bloiid-vessel :  (I.  oellular, 
'.  nhrowllulv  mtmw :  f.  aaleold  IIkub  :  g.  mlifofamu ;  K  mrtllwe-celu  tread  Ihrousb  lln  dlnppearwuw 
otiheKTouiHl-autMlaDCfl;  <,  prolifeniUDS  <»nilaff(M»lls  In  opened  capaule ;  h.  prolllenllDS  cutllMte-cella 
Id  chaed  oioile.    x  flJO. 

inn  proliferations  and  may  be  associated  further  with  appearances  of  pro- 
lifemtiflii.  But  there  occnr  metaplasias,  such  as  are  described  above, 
wliich  have  no  connection  with  any  proliferative  change,  or  are  only  as- 
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sociated  with  it  at  a  later  period ;  thas  myxomatous  tissue  may  become 
changed  iHto  adipose  tissue  if  the  star-shaped  tissue-cells  become  changni 
into  round  fat-cells  through  the  taking  up  of  fat,  while  the  mucoid  ground 
substance  disappears.  Lymphadenoid  tissue  may,  after  the  disappear 
ance  of  the  lymphoid  elements,  be  changed  into  adipose  tissue  through 
the  taking  up  of  fat  into  the  cells  of  the  stroma.  Through  the  disap 
pearance  of  fat,  adipose  tissue  may  take  on  the  appearance  of  mucoid 
tissue,  and  occasionally  comes  to  contain  mucin. 

In  the  change  of  connective  tissue  into  myxomatous  tissue  the  fibrilte 
vanish  and  there  appears  in  their  place  a  jelly-like  mucus.  If  numerous 
lymphoid  round  cells  collect  in  fibrillated  connective  tissue  and  there  oc 
curs  at  the  same  time  a  reticulation  or  a  disappearance  of  the  connective 
tissue  fibres,  while  the  connective-tissue  cells  remain  preserved  and 
through  the  formation  of  processes  unite  themselves  to  form  a  reticular 
tissue,  lymphadenoid  tissue  may  be  developed. 

Epithelial  metaplasia  occurs  most  frequently  in  chronic  inflamed 
mucous  membranes,  for  example,  uterus,  urethra  (gonorrhcea),  no* 
(ozaena),  and  the  trachea,  cylindrical  epithelium  being  transformed  into 
pavement  epithelium. 

This  change  occurs  in  the  following  manner:  after  repeated  lossnf 
the  original  epithelium  the  regenerating  epithelium  changes  its  character. 
In  mucous  membranes  possessing  stratified  pavement-epithelimn  the 
upper  cell  layers  may  show  cornification,  not  only  in  places  which  uor 
mally  possess  pavement-epithelium,  as,  for  example,  the  tongue  and 
cheeks,  but  also  in  those  possessing  transitional  epithelium  (the  urinan 
tract),  or  cylindrical  epithelium  (nose,  ureters,  and  gall-bladder).  In 
connection  with  this  phenomenon  should  be  mentioned  the  fjict  that 
epithelial  tumors  arising  in  mucous  membranes  possessing  transitioual 
or  cylindrical  epithelium  may  bear  the  character  of  squamous-celled 
epithelial  tumors. 
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CHAPTER  VII. 

Inflammation. 

I.  The  Early  5tas:es  of  Acute  Inflammation. 

§  89.  Uuder  the  desigimtion  inflammatinn  are  ^ouped  those. patlio- 
logical  phenomena  which  represent  a  combination  of  different  patholog- 
ical processes,  consiGting  on  the  one  hand  of  tissue-degenerations  and 
tissue-proliferations,  and  on  the  other  of  pathological  exudations  from 

the  blood-vessels.  Degenerations  of  tissue  and  pathological  exudations  init- 
iate the  process  ;  with  these  tissue-proliferation  is  sooner  or  later  associated, 
the  latter  leading  in  the  further  course  of  the  process  to  a  compensation 
for  the  disturbance — that  is,  to  healing.  The  proliferation  of  tissue  may, 
therefore,  be  regarded  as  regenerative,  but  such  new-formation  of  tissue 
may  be  in  excess  of  that  which  is  useful  to  the  body.  The  tissue-degen- 
erations and  proliferative  processes  described  ini  the  previous  chapters 
appear  for  the  greater  part  as  participating  factors  in  inflammation ;  the 
process  acquiriyig  its  inflammatory  character  through  the  combination  of  tissue- 
degenerations  and  tissue-proliferations  with  pathological  exudations. 

Deeper  tissue-lesions — that  is,  injury  of  tissues  containing  blood-vessels — 
which  in  some  way  or  other  affect  the  vascular  system,  will,  therefore, 
constantly  bear  at  some  time  during  their  course  the  character  of  an  inflamma- 
tion. The  formation  of  scar  tissue,  the  healing  of  transplanted  tissues,  as 
briefly  described  in  the  last  chapter,  always  take  place  through  processes 
essentially  inflammatory  in  nature. 

Exudation  in  acute  inflammation  is  constantly  associated  with  a 
pronounced  hyperemia,  which  apx>ears  even  before  the  beginning  of  the 
exudation,  and  hence  ushers  in  the  latter.  As  a  result  of  the  combina- 
tion of  hypersemia  and  exudation  the  inflamed  tissue  becomes  reddened 
and  swollen.  When  situated  on  the  surface  of  the  body,  where  a  cooling 
of  the  tissues  takes  place,  the  increased  flow  of  warm  blood  from  the 
deeper  tissues  causes  a  local  increase  of  temperature.  If  the  tissue  af- 
fected contains  sensory  nerves,  the  sensation  of  pain  will  be  produced  as 
the  result  of  the  changed  conditions  in  the  inflamed  area. 

Redness,  swelling,  increased  warmth,  and  painfulness  of  the  in- 
flamed tissue  are  phenomena  which  even  in  ancient  times  were  i*egarded 
by  physicians  as  the  signs  of  inflammation ;  and  rubor,  tumor,  calor,  and 
dolor  were  designated  by  Celsus,  at  the  beginning  of  our  era,  as  the 
cardinal  symptoms  of  inflammation.  To  these  four  was  then  added 
Btill  a  further  symptom,  f unctio  laraa,  altered  function  of  the  inflamed 
tissue. 

The  causes  of  inflammation  may  lie  either  in  mechanical,  thermal, 
dectriralf  or  chemical  influences,  as  well  as  in  the  influence  of  parasites. 
The  common  characteristic  of  all  these  injurious  agencies  is  ths  produc- 
tion, in  the  first  place,  of  a  local  tissue-degeneration,  whieh,  when  of  a  certain 
exterU  and  intensity,  is  associated  with  disturbances  of  the  circulation  and  of 
the  vascular  secretion.     The  causes  of  inflammation  are  not  specific;  any 

810 


320  INFLAMMATION. 

injnrions  agent  may  excite  inflammation  if  on  the  one  hand  its  action  is 
sufficiently  intense  to  cause  certain  disturbances  of  circulation  in  asso- 
ciation with  tissue-degenerations,  but  on  the  other  hand  not  so  intense  as 
completely  to  destroy  the  tissue  and  stop  the  circulation. 

The  great  majority  of  the  causes  of  inflammation  reach  the  human 
organism  from  the  outside,  but  excitants  of  inflammation  may  be  formed 
also  within  the  body.  In  the  first  place  bacteria  which  have  penetrated 
into  the  tissues  very  often  form  within  their  protoplasm  or  from  sub- 
stances present  in  the  body  certain  products  which  are  capable  of  excit- 
ing  inflammation.  Moreover,  substances  that  excite  inflammation  may 
arise  within  the  organism  without  the  aid  of  parasites ;  particularly  as 
the  result  of  the  death  of  large  masses  of  tissue  from  any  cause,  as,  for 
example,  as  the  result  of  ansBmia,  or  when  as  the  result  of  disturbances 
of  metabolic  processes  (gout)  products  of  metabolism  are  deposited  in 
the  tissues. 

The  causes  of  inflammation  may  act  upon  the  tissues  either  from  the 
X>ortions  of  the  body  accessible  from  without,  or  from  the  lymph  and  the 
blood ;  and  we  may,  therefore,  distinguish  ectogenous,  lymphogenous, 
and  hasmatogenouA  inflammations.  Through  the  spread  of  an  inflam- 
mation to  neighboring  tissues  there  arises  an  inflammation  by  am- 
tinuity ;  as  the  result  of  the  transportation  through  the  lymph  or  blood 
stream  of  an  agent  causing  inflammation,  there  are  produced  metastatic 
inflammations.  If  injurious  substances  are  discharged  through  the 
excretory  organs,  excretory  inflammations  may  arise. 

When  a  local  injury  to  tissues  has  reached  such  a  degree  as  to  pro- 
duce the  exudation  characteristic  of  an  inflammation,  there  is  usually 
found  in  the  flrst  place  a  congestive  hyperasmia,  as  a  result  of  which 
the  blood  flows  through  the  dilated  blood-channels  with  increased  veloc- 
ity. After  a  short  time  there  is  a  lessening  of  the  speed  of  the  circula- 
tion which  leads  Anally  to  an  abnormal  slowing  of  the  blood-current. 

The  first  disturbances  of  circulation,  which  find  expression  in  the 
congestive  hyperaemia,  may  be  due  either  to  a  stimulation  or  paralysis 
of  ^e  vasomotor  system  or  to  a  direct  action  upon  the  vessel -walls,  par- 
ticularly upon  the  arterial  walls,  leading  to  a  dilatation  of  the  lumen. 
Although  these  disturbances  very  frequently  precede  the  inflammatory 
exudation,  they  do  not  form  an  essential  characteristic  of  inflammation, 
and  occur  very  often  without  being  followed  by  an  inflammatory  exuda- 
tion. Further,  they  may  be  absent  during  the  course  of  an  inflammation. 
The  circulatory  disturbances  characteristic  of  inflammation  are  shown 
only  when  the  slowing  of  the  blood-current  and  the  pathological 
exudation  from  the  blood-vessels  set  in.  The  slowing  of  the  blood- 
stream in  the  dilated  channels  and  the  pathological  exudation  are  de- 
pendent upon  a  change  in  structure,  an  alteration  of  the  vascular  walls, 
through  which  there  results  a  lasting  dilatation  of  the  vessel  and  an 
adhesion  of  the  blood  to  the  vessel-wall,  causing  an  increase  of  fncim- 
resistance  and  an  increased  permeability  of  the  vessel- wall.  In  the  capil- 
laries the  persistent  dilatation  is  in  great  part  the  result  of  relaxation  of  the 
connective  tissue  surrounding  the  capillaries,  inasmuob  as  the  thinness  of  the 
capillary  walls  makes  this  tissue  bear  the  greats  part  of  the  blood-press- 
nre  resting  upon  them. 

The  tissue-lesion  which  leads  to  the  phenomena  of  inflammatory  dis- 
turbances of  circulation  and  exudation  usually  afiects  all  parts  of  the 
tissue,  but  under  certain  conditions  may  be  limited  to  the  vessel-wall. 
particularly  in  the  case  of  a  hsematogenous  inflammation,  in  which  the 
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injurious  agent  acts  from  the  blood.  However,  the  tissue  in  the  region 
iuljoiuing  tl^e  capillary  walls  must  soon  become  involved  in  association. 
The  tissne-changes  brought  about  by  the  excitants  of  inflammation  are 
sometimes  only  slight,  and  even  on  microscopical  examination  are  either 
ut)t  recognizable  at  all  or  only  with  difficulty ;  at  other  times  they  are 
more  severe,  so  that  they  may  be  easily  recognized  even  on  macroscopic 
examination.  The  latter  is  particularly  the  cjuse  when  some  time  has 
elapst^d  after  the  action  of  the  injurious  agent.  During  the  further 
ooiii-se  of  the  inflammatory  process  there  are  often  added  to  the  lesions 
]>roduced  directly  by  the  causes  of  inflammation  other  tissue-changes, 
which  are  brought  about  by  the  inflammatoiy  disturbances  of  circulation 
and  the  collection  of  exudate  in  the  tissues. 

If  in  any  tissue  the  cause  of  inflammation  has  led  to  that  alteration 
of  tlie  vessels  which  is  the  requisite  antecedent  of  iin  inflammatory  dis- 
turbance of  the  secretion  of  the  vessels,  i.e.,  the  formation  of  an  inflam- 
matory exudate,  and  if  as  a  i-esult  of  this  there  is  already  evident  a 
slowing  of  the  blood-stream,  the  capillary  circulation  becomes  irregular, 
and  there  occurs  hei*e  and  there  either  stagnation  or  a  permanent  or 
tninsitory  stasis.  Since  in  this  event  the  white  blood-corpuscles  often 
n^uain  clinging  to  the  vessel- walls  while  the  red  blood-cells  are  carried 
on,  there  arises  in  the  capillaries  a  more  or  less  marked  Increase  of 
white  blood-corpuscles  as  compared  to  the  red.  In  the  veins,  in  whicii 
there  can  be  distinguished  in  the  normal  circulation  an  axial  red  stream 
and  a  peripheral  plasma-zone  frc^  from  cells,  a  greater  or  less  iuimber  of 
leucocytes  pass  over  into  the  peripheral  plasma-zone,  when  the  slow- 
ing of  the  circulation  has  reached  a  certain  degree.  A  still  greater  slow- 
ing of  the  current  leads  to  the  passing  over  of  blood-plates  and  red 
blood-cells  into  the  peripheral  plasma-zone,  and  finally  the  diflfei-ence 
betweim  the  axial -stream  and  the  peripheral  zone  maybe  entirely  lost. 

When  leucocytes  pass  over  into  the  peripheral  zone  they  either  roll 
along  in  the  Siime  or  cling  to  the  wall  of  the  vein,  either  to  roll  on  again 
after  a  time  or  toi-eniain  permanently  attached.  If  this  occurrence  leads 
to  a  marked  accumulation  of  leucocytes  along  the  vein- walls,  the  condi- 
tion is  known  as  the  mars^inal  disposition  of  the  white  corpuscles  (Fig. 
LS9,  c/). 

Following  the  acciunulation  of  the  leucocytes  in  the  capillaries  and 
the  marginal  disposition  in  the  veins  there  occurs  later  an  emigration  of 
the  leufjon/tes  (Fig.  189,  df,  e)  from  the  vessels  involved,  and  at  the  same 
time  a  poiinng-out  of  fluid  from  the  vessels  into  the  tiss\ies. 

The  emis^ration  of  the  white  corpuscles  is  an  active  process,  which 
is  iiccomplished  through  the  amoeboid  movement  of  the  cells,  and  to  a 
(•♦Mtain  extent  occurs  under  normal  conditions.  The  cause  of  the  marked 
emigration  seen  in  Inflammations  is  doubtless  a  change  in  the  vessel- 
walls,  which  favora  the  clinging  of  the  cells  to  the  walls  and  their  pas- 
s;ijje  through  the  latter.  According  to  investigations  by  Arnold,  Thoma, 
and  others,  the  leucocytes  pass  out  through  the  lines  of  cement-substance 
lietween  the  endothelial  cells ;  and  in  the  alteration  of  the  vessel -wall  due 
to  inflammation  localized  defects  occur  in  the  wall  as  the  result  of  the 
widening  of  these  lines.  The  emigration  is  accomplished  by  the  leuco- 
cytes first  sending  a  process  through  the  vessel-wall,  the  remainder  of 
the  cell-body  then  flowing  after  the  process,  until  finally  the  entire  cell- 
body  is  outside  of  the  vessel.  Arrived  here  the  leucocytes  first  remain 
lying  in  the  immediate  neighborhood  of  the  point  of  diapedesis,  but 
•>ften  wander  farther,  the  direction  of  the  wandering  being  determined 
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partly  by  mechanical  gtimuli,  partly  by  chemotaxU — that  is,  the  repel 
or  attractiiig  influeuces  exerted  by  chemical  substaiiees  pre«eDt  in  f 
tiOD  iu  the  tissue- juices.  Foasibly  ehemotactic  influenoed  aomet 
exert  an  action  even  upon  the  leucocytes  in  the  capillaries  or  tha 
the  peripheral  zone  of  the  veins.  The  cells  emigrating  from  the  ve 
are  at  first  polynuclear  leucocytes,  but  lymphocytes  may  very  soon 
company  them.  The  polyuuclear  cells  which  occasionally  alone 
out,  aud  in  great  nombers,  are  after  their  emigration  known  as 
cells. 

The  pouring-out  of  the  fluid  exudate,  whose  compositioD  ai' 
differs  more  or  less  from  that  of  the  Dormid  tissne-lymph,  and  whii 
characterized  by  a  rdatively  high  (dimmin-content,  is  a  process  whk 
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also  to  be  referred  to  an  alteration  of  the  veasel-waU,  in  conseqnem 
which  the  secretory  function  of  the  latter  mffers  a  disturbance.  It  t 
place  at  the  same  time  with  the  emigration  of  the  leucocytes,  bnt 
begin  before  this  event,  and  may  occnr  also  in  cases  iu  which  the  em 
tion  of  the  lenoocytes  (for  example,  as  a  result  of  a  paralysis  of  the  s 
does  not  take  place  at  all,  or  remains  within  very  narrow  limits. 
composition  of  the  exudate  is  dependent,  iu  all  cases,  partly  upon  t)i 
pecial  property  of  the  affected  vessels,  which  always  varies  aceordi 
the  tissue -fonnation  to  which  the  vessels  belong,  and  partly  upoi 
degree  of  vascular  alteration ;  and  it  may  be  assumed  that  the  albu 
content  is  the  higher  the  greater  the  damage  to  the  vessel-walls.  II 
extravasated  fluid  contains  fibrinogenie  substances  and  fibriB-fen 
coagulation — that  is,  a  separation  of  fibrin — takes  place. 

If  the  alteration  of  the  vessels  is  of  a  very  high  degree,  or  if  ul 
same  time  there  is  a  marked  stasis,  red  blood-celU  may  also  pass 
of  the  vesMis  (Fig.  189,  g)  along  with  the  flnid,  either  by  rhexis  or 
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pedesis.  According  to  Thoma  and  Engelmann  the  diapedesis  occurs 
particularly  in  those  places  where  leucocytes  have  previously  passed 
through  the  vessel-wall,  and  the  escape  of  red  blood-cells  may  follow 
very  quickly  by  the  same  route.  Since  the  red  blood-cells  are  not  mo- 
tile, their  escape  must  be  regarded  as  a  passive  process  perfoimed  under 
the  influence  of  the  pressure  within  the  capillaries. 

The  escape  of  blood-plates  into  the  exudate  may  take  place  both  in 
exudates  rich  in  cells  and  those  containing  but  few,  but  occurs  particu- 
larly in  exudates  characterized  by  a  rich  content  in  fibrin  and  red  blood- 
cells. 

Tissue-pFoliferatlon — that  is,  the  division  of  cells  and  nuclei — ^is  first 
recognizable  about  eight  hours  after  the  action  of  the  injurious  agent; 
and  in  many  cases  appears  much  later.  There  are  present,  therefore,  in 
case  the  inflammation  does  not  arise  in  a  tissue  already  in  a  state  of  pro- 
liferation, the  characteristic  appearances  of  inflammatory  exudation,  and 
with  it  also  the  tissue-degeneration,  long  before  the  proliferation  begins. 

The  clinical  significance  of  the  term  inflammation  {inflammation  phlogons)  has 
changed  but  little  in  the  course  of  time,  since  the  cardinal  symptoms  of  inflammation 
set  forth  by  Celsus,  and  accepted  by  Cralen,  are  recognized  as  such  at  the  present  day. 
Nevertheless,  the  views  regarding  the  differentiation  of  the  essential  from  the  unessential 
in  the'  symptom-complex  of  inflammation  and  the  accurate  determination  of  the  true 
nature  of  the  process  have  differed  greatly.  A  comparison  of  the  expressions  concerning 
these  points  made  by  the  more  modem  writers  ( VirehotOf  ton  lieekliTighausen,  Cohnheim, 
Pifnfick,  Samuel,  Thoma,  Neumann,  Strieker,  UeiUnnann,  Gramtz,  Leber,  Jdetsehnikoff, 
and  others)  shows  that  no  single  writer  defines  inflammation  in  the  same  way  as  any 
other,  or  interprets  in  exactly  the  same  way  any  one  of  the  individual  phenomena  of 
inflammation.  Ponfick  designates  as  the  cause  of  inflammation  tlie  disturbance  of  equi- 
libriom  in  the  tissues,  ^  but  hesitates  to  designate  retrogressive  changes  as  an  indis- 
pensable attribute  of  the  inflammatory  process,  and  doubts  wholly  that  they  should  be 
regarded  as  the  point  of  departure  and  the  chief  feature  of  the  process."  I  am  of  the 
opinion  that  ''a  disturbance  of  the  tissue-equilibrium''  is  nothing  more  than  a  degener- 
ative change  of  tissue,  and  regard  Ponfick' s  statement,  though  directed  against  my  defi- 
nition, as  harmonizing  with  my  views.  Moreover,  I  once  again  emphasize  the  fact 
that  the  alteration  of  the  vessels  is  a  necessary  requisite  for  exudation,  and  that  this 
alteration  is  nothing  else  than  a  tissue-degeneration. 

It  was  formerly  believed  that  hypenemia  was  tlie  essential  symptom  of  inflamma- 
tion. Bokiiansky  held  that  every  inflammation  was  characterizedby  a  dilatation  of  the 
capillaries,  slowing  of  the  blood-stream,  and  by  stasis,  which  was  caused  by  a  thicken- 
ing of  the  blood  through  the  effusion  of  serum  and  the  adhesion  of  the  red  blood-cells 
to  one  another.  Ilenle,  Stilling,  and  Bokitansky  attributed  the  dilatation  of  the  vessels 
and  the  slowing  of  the  circulation  to  a  paralysis  of  the  nerves  of  the  vessels,  the  cause 
of  which,  according  to  Henle  and  Rokitansky,  is  an  increased  stimulation  of  the  sensory 
nerves;  while  according  to  ^^i7^»n^,  tlie  cause  lies  in  a  paralysis  of  the  nerves  due  to 
the  inflammatory  irritant.  Eisenmann,  Ileine,  and  BrOcke  sought  to  attribute  the  cir- 
culatory disturbances  to  a  primary  spasm  of  the  vessels  brought  about  by  the  irritation 
of  sensory  nerves,  which  produces  behind  the  contracted  portions  of  the  vessels  a  slow- 
ing of  the  current,  irregular  circulation,  and  finally  also  stasis.  Vogel,  Emmert,  Paget, 
and  others,  on  the  other  hand,  attributed  the  dilatation  of  the  vessels  and  the  stasis  to 
an  abnormal  attraction  of  the  blood  by  the  tissues.  Against  these  views  it  must  be 
maintained  that  all  the  disturbances  of  circulation  produced  by  contraction  or  dilatation 
of  the  vessels,  indeed,  introduce  or  accompany  the  inflammatory  disturbances  of  circu- 
lation, i.e.,  those  leading  to  exudation,  and  may  exert  a  modifying  influence  upon  the 
course  of  the  inflammation,  but  do  not  form  an  essential  part  of  the  process,  and  may 
be  entirely  wanting,  or  may  appear  without  the  accompaniment  of  an  inflammatory 
exudate. 

BMiankky  sought  to  explain  the  pouring  out  of  fluid  from  the  vessels  in  inflamma- 
tion by  the  assumption  that  with  the  dilatation  of  the  vessels  the  walls  of  the  latter  be- 
came thinned  and  more  permeable.  Vogel,  (7.  Emmert,  and  Paget,  on  the  other  hand, 
made  this  phenomenon  also  dependent  upon  an  increased  attraction  between  the  blood 
and  the  tissue  parenchyma  or  luices.  Virchow,  however  (1854),  believed  that  part  of  the 
exudate,  and  indeed  that  which  collected  in  the  tissue-spaces  and  is  poured  out  upon 
the  free  surfaces  of  the  body,  to  be  the  result  of  mechanical  pressure  in  the  vessels,  i.e.» 
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pressedout  blood-serum;  while  a  part,  whicli  is  chiefly  taken  up  by  the  '^  irritated* 
cells,  is  to  be  regarded  as  a  product  of  an  increased  drawing  of  the  blood-elemests 
through  the  tissues,  as  a  kind  of  nutritive  educt.  Of  the  cells  collecting  in  the  k- 
flamed  area,  he  believed  that  all  originate  from  a  proliferation  of  the  tissue-ceils  oc- 
curring as  the  result  of  the  action  of  the  inflammatory  irritant. 

The  recognition  that  the  formation  of  the  exudate  is  to  be  referred  to  an  injunr  of 
the  vessel- walls  we  owe  chiefly  to  Cohnheim,  whose  investigations  along  various  lioe!^ 
were  completed  by  iktmuel,  Arnold^  Thoma,  Bins,  and  others.  Cohnheim  also  showrti 
tliat  in  inflammation  the  colorless  corpuscles  emigrate,  and  form  an  casential  constituffit 
of  the  inflammatory  exudate. 

Dutroehet  ^"^  Rech.  anatomiques  et  physiologiques  sur  la  structure  interne  des  ani- 
maux  et  des  vegetaux  et  sur  leur  motilite,"  Paris,  1842,  p.  214)  and  Waller  (Pkilimj.^. 
Maga2.,  xxix.,  1846,  pp.  271,  398)  had  as  early  as  the  years  1842  and  1846  already  d^ 
scribed  the  escape  of  colorless  corpuscles  from  the  blood-vessels.  These  obserrarktiH 
had,  however,  fallen  completely  into  oblivion  until  Cohnheim,  in  1867,  rediscovered  iU 
phenomenon. 

According  to  researches  of  Schklaretcsky  {Pfiuger*»  Arch.,  Bd.  i.),  the  peripheral  dis- 
position of  the  leucocytes  in  the  veins  is  purely  a  physical  phenomenon.  If  fluids  in 
which  are  suspended  finely  powdered  substances  of  different  specific  gravity,  are  maik 
to  flow  through  tubes,  it  will  be  found  that  at  a  certain  degree  of  retardation  of  the 
current,  the  bcwiies  of  lighter  specific  gravity  pass  over  into  the  peripheral  zone,  awl  lU 
a  more  marked  retardation  the  heavier  bodies  also  enter  this  zone. 

For  the  occurrence  of  the  emigration  of  the  white  corpuscles,  it  is  necessarr. 
according  to  the  researches  of  Bim,  Thojua,  aud  Lavdovtsky,  tliat  they  be  capable  of 
motion  and  of  adhering  to  the  vessel- wall.  According  to  these  observers,  the  emigra- 
tion of  the  white  blood-cells  is  not  a  purely  passive,  but  is  in  part  at  least  an  activr 
process.  If  the  amoeboid  power  of  the  white  cells  bo  lessened  by  means  of  irrigaticm 
of  the  mesentery  with  a  1.5-per-cent.  solution  of  salt  {Thortui),  or  if  the  vital  eneriTT 
of  these  cells  be  lowered  by  means  of  quinine  or  iodoform  {Bim,  Appert,  KerMr\ 
there  results  an  inhibition  of  emigration.  On  the  other  hand,  Pekelharing  beHfvc* 
that  quinine,  oil  of  eucalyptus,  aud  salicylic  acid  cause  a  contraction  of  the  veins, 
lessen  the  permeability  of  their  walls,  and 'thereby  binder  the  passing-out  of  the  wfaitt 
cells.  This  view  is  rejected,  however,  by  Disselhant,  who  observed  a  dilatation  of 
the  veins  after  irrigation  of  the  tissues  with  quinine,  carbolic  acid,  salicylic  acid,  and 
mercuric  chloride.  As  there  occurs  in  this  case  a  retardation  of  the  current  after  a 
transitory  acceleration,  without  an  emigration  of  the  leucocytes  collected  in  the  periph- 
eral zone ;  and  as,  on  the  other  hand,  leucocytes  from  blood-vessels  that  have  bcnen  ini 
gated  for  an  hour  with  quinine  still  retain  complete  vitality  (Eberth),  DissMont  is  of  tlie 
opinion  that  the  drugs  mentioned  so  change  the  inflamed  vessel-wall  that  an  adhesion  of 
the  leucocytes  rolling  along  the  wall  either  cannot  occur  at  all  or  only  with  difficulty. 

It  is  very  probable  that  a  lesion  of  the  vessel-wall  is  not  absolutely  necessary  for 
the  emigration  of  leucocytes  (TTumkd).  Since  vasomotor  disturbances  of  the  circuiatioQ 
can  prepuce  migration  {ton  Beeklinghausen^  Thama),  it  is  probable  that  all  of  the  con- 
ditions necessary  for  this  process  are  furnished  by  a  slowing  of  the  blood-stream  with 
peripheral  disposition  of  the  colorless  corpuscles  and  the  ability  of  the  leucocytes  to 
perform  amwboid  movements  and  to  adhere  to  the  vessel- walls.  It  is  possible  llL-it 
differences  in  the  water-content  of  the  tissues  (Thoma)  also  exert  some  influence,  sioce 
an  increased  amount  of  water  causes  increased  amoeboid  movement.  It  is  also  possible 
that  the  presence,  in  the  tissue-fluids,  of  substances  having  active  chemotacdc  proper 
ties  may  cause  emigration  of  those  leucocytes  in  the  peripheral  zone  which  are  adherent 
to  the  vessel-wall. 

According  to  the  investigations  of  Arnold,  Thoma,  and  Engelmann,  there  is  prespnt 
between  the  edges  of  the  endothelial  cells  a  soft  cement-substance  which  suffers  a  change 
in  the  circulatorv  disturbance  associated  with  cell-migration.  This  change  may  some- 
times, but  not  always  {Lowit),  be  recognized,  on  histological  examination,  in  the  form 
of  numerous  circumscribed  widenlngs  of  these  intercellular  areas  (Engelmann).  If  leu- 
cocytes pass  through  these  places  in  great  numbers  the  cement-substance  becomes  still 
more  permeable,  and  may  then  permit  also  lymphocytes  and  red  cells  to  pa>"> 
through  in  rapid  succession  (Thoma), 

Wandering  cells  are  found  normally  in  many  tissues  (von  Becklinghau9en),  and 
wander  from  these  partly  into  the  lymph-vessels  {Bering,  T?ioma\  and  under  ccrtaifl 
conditions  also  into  the  blood-vessels  {Bubnoff,  Schnlin,  Banvier,  SenfilAen),  or  onto  tte 
surface  of  the  mucous  membranes,  where  they  penetrate  between  the  epithelial  celK 
Thev  are  found  constantly  in  large  numbers  about  the  nodes  of  lymphadenoid  tisnie 
in  the  mucous  membranes,  and  wander  from  these  through  the  epithelium  onto  tlie 
surface.  According  to  observations  by  Kunkel  and  8iebel,  small  numbers  also  reacb  tJbe 
free  surface  of  the  uveoli  of  the  lungs. 
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The  inflammatory  disturbances  of  circulation  and  the  formation  of  exudates  may 
be  most  easily  folio^ved  in  tlie  transparent  membranes  of  cold-blooded  animals,  particu 
larly  in  the  mesentery,  or  the  extended  tongue  or  the  spread-out  web  of  the  frog.  In 
the  "frog's  mesentery,  which  has  been  spread  out  on  a  suitable  glass  plate,  circulatory 
disturbances  and  inflammation  develop  simply  through  exposure  to  the  air  and  the 
resulting  evaporation:  in  the  case  of  the  tongue  and  web,  it  is  necessary  to  cauterize  in 
order  to  produce  an  inflammation.  B3'  the  employment  of  suitable  apparatus  the  cir- 
culation of  the  blood  and  the  formation  of  the  inflammatory  exudate  may  also  be  ob- 
served under  the  microscope  in  the  thin  membranes  of  mammals  (mesentery  of  rabbit, 
wing-membrane  of  bat),  and  observations  thus  made  harmonize  wholly  with  those  made 
upon  the  frog. 

The  modern  conception  of  inflammation  is  that  it  is  a  pathological  complex  esaentiaUy 
adaptive,  protective,  and  reparative,  called  into  action  by  a  primary  tisstie-lenon.  For 
a  presentation  of  this  view  see  Warthin,  Chapter  on  Inflammation,  "American  Practice 
of  Surgery,"  Vol.  I. 
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See  also  §§  90-98. 

§  90.  The  ceUtdar  and  fluid  exudates  secreted  by  the  vessels  collect  first 
in  the  immediate  neighborhood  of  the  vessels  (Fig.  189),  but  soon  spread 
out  in  the  vicinity,  mass  themselves  in  the  lymph-spaces  of  the  tissue,  and 
thus  form  a  tissue-infiltrate  (Figs.  190,  e^  191,  b;  194,  p).  When  the 
exudate  is  very  abundant  it  may  spread  into  and  infiltrate  the  neighbor- 
ing sound  tissue  that  has  not  been  injured  by  the  inflammatory  irritant 
This  infiltration  may  be  so  marked  that  new  disturbances  of  circulatioo 
and  nutrition  may  be  produced,  and  the  area  of  tisme-degeneratUm  and 
inflammatory  exudation  becomes  increased  in  extent. 

The  exudate  present  in  a  tissue  may  be  in  part  absorbed  by  the  iissve- 
elements,  so  that  they  become  swollen,  separated  from  their  surroundings 
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(Fig.  190,  c,  d),  and  not  rarely  contain  drt^s  o/Jlvid  (d)  which  are  com- 
moulj  designated  vacuoleB.     There  often  occutB  also  a  complete  dissolu- 


tion of  the  tissue-elements  in  the  exudate,  especially  of  the  counective- 
tissne  cells  (Fig,  192,  d,f),  aud  not  infrequently,  also,  of  the  intercellolar 
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Huhfltanc^.  In  this  way  both  brain  and  musrte  tissue,  as  well  as  ordinary 
connective  tissue,  may  become  completely  liquefied  in  the  course  of  in- 
tlammation,  but  this  happens  only  when  the  tissue  has  been  killed  as  a 
lesnlt  of  the  tissue  injury. 

If  dead  cells  become  saturated  with  lymph  containing  fibrinogen,  and 
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if  tibriu-fei'iueut  is  formed,  the  liquefaction  of  the  iufilirated  1i.s)^ue  i 
be  preeeded  l>y  n  coasulation,  wliereby  tlie  L-ells  be<-oiue  cbaaged  }a 
into  boiiiogeiieous  masses  without  uuclei,  aiid  partly  iuto  gnuiular 
fibrillar  u 


<-  mned  by  ■  bum  (akvtiol,  aimlie).  a,  B 
vctila.  tome  atntiar-jiaelrlmie  mil  lUbttOi 
■—-7.  -  .un:  inu<n>  uai  r  umi  iHmnxru  ^  r.  In ipTpapl] lu?  eplUielU]  cplli,tlwiterpfTnon1I>t>n.l)i«( 
upper  lajm  are  dnita  oul  lonjilliMllDally  knd  to  port  are  iwoIipd  uid  bare  k»t  Uwtr  nwlei:  A 
Itquctxiloaor  Ibenlls:  a,  InirrmpHlarr  wlW.  wlUiuat  tiuclrt-sirnllenind  imtaed  frmn  UwruIK;  K 
itegeamUoa  oT  Inierpapllbtmvlis  whlcb  lure  been  raised  Irotn  IhernttB:  k,  OM«ulited  eiudil'  <» 
IjinK  biWMli  tbe  uplirud  eplihrllum :  f,  Balleofil  ispllla  iDBIlnledwIib  cells.    X  lU. 

If  the  exndnte  within  an  organ — for  esample,  in  a  miiselp — lii^  clii' 
iu  (be  supportintr  tisKi»',  while  the  si>eri(io  parenchyma  apiiearshni  li 


Fig.  UB.— ParairtiTm 


changed,  the  inflammatioD  is  desi^ntated  as  an  interstltisl  inflantnui 
(Fig,  191,  b).     If,  on  the  other  hand,  the  degenention  of  the  spe 
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tissue — i.e.,  the  epitheliiun  of  the  kidney  tubules,  tbe  livei-eells  (Fig. 
19ii,  b,  c),  or  tlie  conti-actile  subetaoceof  the  muscles — is  the  most  prom- 
inent feature  of  the  prooesa,  the  couditioii  is  called  a  parenchymatous 
inflammatlofi. 

When  the  seat  of  an  iuflamumtion  is  on  the  surface  of  an  oi^n,  it  is 
termed  a  superllcial  Inflammation  (Fig.  194).  If  the  exudate  gains 
free  access  to  the  surface  and  flovs  from  the  same  mixed  with  desquu- 
matcd  portions  of  the  tissue  (Fig,  194,  d,  e,  /,  /„  g.  A),  the  inflammation 
is  called  a  catarrh.  If  tlie  pouring  out  of  a  fluid  exudate  on  the  surface 
of  the  skin  or  raucous  membrane  is  hindered  by  a  coherent  horny  epithe- 
lial layer  (Fig.  192,  a),  and  if  bcnealh  this  covering  (here  are  formed  eir- 
cunuicribed  collections  of  fluid,  in  which  the  deeper  aud  Bofter  layers  of 


l1ulil,uiillDe-brown). 


Dt  thmilymiKUl  unil  pu*-corpuwlis ;  (r.  duit  of  muroUB  |ilan<l  lined  vUb  muciiB 

Ml  epIUielliininf  the  excretory  aiK^l  {.  InUrl  epttbellum  a[  tbe  duel :  ft,  ■•rollen  hTe 

-i:  I.  amnectlie  Unne  at  tlie  niucon.  In  nitrated  wllh  tells  In  partr  rn,  dllsted  bl 

. II  Klud  flIIedwUb  ■niKua;ni,  lobule  of  mawus  glud  vlUiout  muciu :  n,  wuids 

tlnm:  p,  cellulBTlnflltraUoaof  tbefooaecUveUnuBat  Uie  mnoHia  Klunda.    X  UOl 


the  epithelium  dissolve  (Fig.  192,  d,f,  g,  h),  the  lesions  thus  produced 
are  called  vesicles  and  blisters.  When  the  exudate  from  seroiLS  surfaces 
rollectsin  the  body  cavities,  there  are  formed  in  the  latter  Inflammatory 
effusions,  which  not  rarely  reach  a  very  large  size,  distend  the  afTcctcd 
cavity,  aud  compress  the  oi^ns  contained  within  it. 

It  is  customary  to  express  the  occurrence  of  an  iiiflaninmtiou  of  an 
organ  by  adding  the  termination  "itu"  to  the  Greek  name  of  the  organ. 
Thus,  for  example,  are  formed  the  terms  endocarditis,  myocarditis,  peri- 
fardifis.  pleuritis,  peritonitis,  encephalitis,  pharyngitis,  keratitis,  orchi- 
tis, oophoritis,  colpitis,  metritis,  hepatitis,  nephritis,  amygdalitis,  glos- 
sitis, and  gastritis.  The  ending  "itis"  is  also  sometimes  affixed  to  the 
Latin  names,  as,  for  example,  conjunctivitis,  tonsillitis,  and  vaginitis. 
To  denote  an  inflammation  of  the  serous  covering  of  an  organ  or  of  the 
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)  tifisnes  immediately  about  it  the  prefixes  '^peri "  and  ^'para"  are  placed 

f  before  the  Greek  names  with  the  termination  ^Mtis."    Thus,  for  example, 

are  formed  the  words  perimetritis,  parametritis,  periproctitis,  peritvph- 

litis,  paranephritis,  and  perihepatitis. 

For  certain  forms  of  inflammation  especial  names  are  used,  as,  for 

example,  inflammation  of  the  lungs  is  called  pneumonia,  and  inflaiunui- 

tion  of  the  palate  and  tonsils,  angina. 

Since  Cohnheim  taught  tliat  the  migration  of  leucocytes  en  masse  is  an  iniportaBt 
feature  of  inflammation  and  serves  as  a  8oui*ce  for  the  cells  in  the  exudate,  the  ques- 
tion of  the  origin  of  the  cells  present  in  the  exudate  of  acute  inflammations  lias  been 
many  times  the  subject  of  discussion.  While  some  liave  regarded  all  the  cells  in  the- 
exudate  as  extravasated  leucocytes,  oAers  have  held  that  the  leucocytes  aristng  from 
the  blood-stream  form  only  an  unessential  element,  and  that  the  main  part  of  the  cells 
in  the  exudate  have  arisen  on  the  spot  from  the  tissue  **  irritated  "  by  the  cauae  of  the 
infliammation. 

Strieker  held  the  opinion  that  the  swelling  and  hardening  of  the  tissues  in  iufianinia- 
tion  are  not  caused  by  the  collection  of  exudate,  but  by  the  swelling  of  the  cell-reticulum 
which  was  thought  to  traverse  the  tissues ;  and  that  these  changes  represent  a  phenome- 
non of  growth  of  the  cells  and  their  processes  which  is  characterized  by  swelling.  Thtr 
cellular  exudate — that  is,  pus — he  accoimts  for  partly  through  the  segmentation  and 
division  of  the  cell -reticulum  swollen  by  the  inflammation,  and  partly  through  a  trans- 
formation of  connective-tissue  flbrill®  into  pus-corpuscles.  Bettzmanu  regarded  tlie 
inflammatory  tissue-changes  as  a  reversion  of  the  tissue  to  the  embryonal  condition,  and 
believed  that  the  living  material  is  not  contained  in  the  cells  alone,  but  infiltrates  tlie 
entire  ground -substance,  and  increases,  in  the  progress  of  an  inflammation,  with  the 
liquefaction  of  the  ground -substance.  Connective -tissue  cartilage  and  bone  become 
resolved  during  inflammation  into  those  elements  from  which  they  are  formed — ie., 
into  cells — which  then  immediately  reproduce  their  kind.  Graititz  believes  that  both 
the  cellular  infiltrate  and  pus  are  formed  without  any  participation  of  the  leucocytes 
worth  mentioning.  Everywhere  in  the  tissue,  according  to  his  view,  there  lie  concealt^d 
*  in  great  numbers  cells,  which  he  designates  slumber-cells,  and  which  are  not  affected 
by  our  nuclear  stains  and  therefore  not  recognizable  (according  to  him,  only  from  Ave 
to  ten  per  cent,  of  the  tissue-cells  are  known  to  us) ;  these  cells  awake  in  inmamuiation, 
and  again  come  into  sight — that  is,  increase  in  size,  stain  with  nuclear  stains,  and  there- 
fore again  become  recognizable. 

According  to  the  results  of  an  unprejudiced  and  careful  examination  of  inflamed 
tissues,  there  can  be' no  doubt  that  the  description  of  the  origin  of  the  inflammatory  in- 
filtrate given  by  Strieker,  Heitzmann,  Orawitz,  and  their  pupils,  does  not  correspond  to 
the  conditions  as  they  actually  exist.  The  cells  which  lie  in  recently  inflamed  tissue 
consist  in  part  of  leucocytes  which  have  wandered  from  the  vessels  and  in  part  of 
tissue-cells  which  are  more  or  less  degenerated,  and  are  often  separated  from  the  under- 
lying tissues.  Later,  to  these  there  are  added  newly  formed  cells  which  have  arisen 
through  the  division  of  preexisting  tissue-cells. 
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§  91.  Both  the  local  tissue- 
degeneration  and  the  exudation 
may  vary  greatly  iu  different 
cases,  aud  there  may  be  distiii- 
Kuished  aceordingly  different 
forms  of  inflsmmatlon. 

If  the  exudate  coiisisteeeseti- 
tially  of  fluid,  while  the  cellu- 
lar constituents  are  Insigui^ciMit. 
it  is  called  a  serous  exudate. 
When  contained  within  a  tissue 
— for  ex.ainple,  within  the  skin 
aud  sulKsutaneous  tissue,  or  in 
the  luugs— there  re-sults  an  in- 
flammatory cedema.  The  es- 
cape of   the   fluid  on  the  fi'ee 

_         surface  of   a  mucous  or  serotis 

of fHi«-oon>iwi«»niiii«'iii«<nate<i8i>itbeiiMm; b.iniiu'i     membrane  eives  the  picture  of 

AhikM  ^a1tT  ot  eiHIIiellaiii:  c.  buement-nieaibnae :  f       .  .      "■  ..      j 

d,  bfiHTvmie  and  innitnied  ooniwfUvH  iisaue  at  the     a serous catarrli ;  circiunscfibed 
TST ' ''  '^""^  •"bmtw*.  with  mucou.  gianda.     collections  of  fluid  beneath  tJie 
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horny  layer  of  the  epidermis  with  the  liquefaction  of  the  soft  layers  of 
epithelium  lead  to  the  formation  of  vesicles  and  blisters  with  clear  con- 
tents (Fig.  192,  d,f). 

When  the  exudation  of  fluid  on  the  surface  of  a  mucous  membrane  is 
associated  with  a  marked  mucoid  degeneration  of  the  superficial  epithe- 
lium (Fig.   194,  by  c,  cj,  and  of  the  mucous  glands  («)f  there  arise:?  a 


^'k<7 


Fio.  106.— Catarrhal  tecretton  of  different  muooos  memliranes.  A^  Secretion  from  nmoom  membnon 
with  columnar  cells;  B«  from  the  mouth ;  C,  from  the  bladder.  1,  Hound  cells  (pus-cells);  2,  large  rosed 
cells  with  briKbt  nuclei,  from  the  nose;  3.  mucoid  columnar  cells  from  the  nose;  4,  splrUlum  from  ttonuse: 
5,  mucoid  cells  with  cilia,  from  the  nose;  0,  gobleUcells  from  the  trachea;  7,  round-cells  with  siibemles  ot 
mucus  fn>m  the  noee:  8,  epithelial  cells  containinff  puft^x>rpuseles,  from  the  nose;  9,  fatty  cells  fit«a  » 
chronic  catarrh  of  the  pharynx  and  larynx ;  10,  cells  tx)ntalnlng  carbon  pigment,  from  the  sputum;  11  «»*i 
12, squamous  epithelium  from  the  month;  13,  mucoid  pus-corpuselea ;  14,  micrococci:  15,  bocterto:  K 
IgpioUirix  buccaUs;  VI^spirochrFie  deitUcokii  18,  supeilldal,  Ifid  middle  layer  of  bladder  epttteUnni: 
80,  pu»corpuscleB;  SI,  sehUomyeetea.    X  400. 

'mucous  catarrh  (d,  /, /,,  g).  If  a  marked  desquamation  of  the  epithe- 
lium, with  or  without  a  mucoid  change,  occurs  (Fig.  195,  a),  the  condi- 
tion is  termed  a 'desquamative  catarrh  ;  and  such  a  process  may  (X'ciir 
not  only  on  mucous  membranes,  but  also  iu  the  respiratory  parenchyiua 
of  theiungs,  on  serous  surf iices  (Pig.  189, /,/,),  in  the  kidney-tubules 
etc.  •  If  many  pus-corpuscles  are  present  in  the  exudate  it  may  be  spoken 
of  as  a  desquamative  purulent  (Fig.  195,  a),  or  finally  as  a  pure  puru- 
lent catarrh,  in  which  condition  the  exudate  becomes  white  or  yellow* 
ish-white,  milky  or  creamy. 

The  form  and  character  of  the  cells  of  a  catarrhal  secretion  vary  vitb 
the  location  and  the  variety  of  catarrh  (Fig.  196).  Bacteria  are  often 
present  in  the  cells  of  the  exudate  (Fig.  196,  4,  U,  15,  16,  17,  21). 

If  in  a  fluid  exudate  there  occurs  a  deposition  of  fibrin  or  coagnlfl- 
tion,  there  are  formed  fibrinous  and  serofibrinous  exudates,  which  are 
often  designated  as  croupous.  Tliese  occur  chiefly  upon  the  surface  of 
serous  and  mucous  membranes,  and  in  the  lungs;  but  masses  of  fibrin 
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may  be  formed  in  tissnes  infiltrated  with  exudate,  as  well  as  iu  lymph- 
vessels. 

On   the   mueoiis    membranes  the  fibriDou.s  exudates  form  whitish 
patches  and  coherent  jnembranes,  which  sometimes  lie  upon  them  only 
loosely,  but  at  other  times  ai-e  firmly 
^j  attached  to  the   underlying  surface, 

Iu  the  serous  cavities  the  fibi-inous 
coagiila  float  iu  the  form  of  flakes  la 
the  fluid  portion  of  the  exudate,  or 
fonu  a  firmly  attached  deposit  upon 
the  surfiice  of  the  membranes.  Such 
deposits  consist  at  times  only  of  thin, 
attached  films  or  granules  which 
give  to  the  wiped-off  surface  a 
cloudy,  lustreless,  rough,  or  granu- 
lar appearance;  at  other  times  of 
larger  yellowish  or  yellowish-red, 
firm  membranes,  which  often  give 
to  the  surface  a  felted  or  villous 
appeamnce  (cor  villosum).  Iu  the 
lung,  croupous  inflammation  leads 
to  a  filling  of  the  alveoli  with  a 
coagulated  mass,  in  eonsequeuce  of 
which  the  lung  acquires  a  firm  con- 
sistence. 

On  mucous  mrfaces  the  formation 
of  croupous  membranes  takes  place 
when  the  epithelium  is  already  des- 
quamated and  the  connective  tissue, 
at  least  in  part,  is  exposed;  but  tis- 
.  covered  with    epithelium    may 
also  become  the  seat  of  fibrinous  de- 
posits extending  from  denuded  areas. 
The  desquamation  of  the  epithelium, 
ill  such  a  Ciise,  may  follow  gradually,  or  at  other  times  more  rapidly 
through  the   lilling  up  of   whole  layers  of  epithelium  (Fig.   197,  V), 
which  are   either  well 
preserved    or    already 
ilegenerated   or  necro- 
tic, and  infiltrated  with 
exudate  (Fig.  199,  o). 
The    exudation    of 
fibrin   may  begin   un- 
derneath    the     raised - 
up  epithelium  with  the 
formation  of  fine 
uee<lle-like    forms    re- 
sembling crystals  (Fig. 
197,  d),  which  are  ar- 
ntngetl  radially  about 
a  centre,    in  which  at 
times  there  lies  a  small 
boily,  probably  a  pro<lncf  of  the  disintegration  of  a  led  corpuscle,  or  a 
blood-plate.     Very  soon  there   form  thicker  or  thinuer  threads  (Figs. 


dr.— Acule  iMBirairrlugie  0 


xl  b;  vapor  ot 


plUiellal  cell):  il.  Inemorrtwlc  Dbrlnous  eiu- 
ate  wllb  ndiBlfiur.  rryelBl-llkv  masBes  of  flbrln. 
1  pan  pnx-eedLDg  from  Bowll,  colorJeas  >pbpr- 


X  m. 


■  from  the  wsche*.  o.  Section 
si  ]a;pr  ot  tbe  muc-nsi  iDdltraled 
llirfads  ana  granuLra;  d,  pu»<»r- 


334  INFl^MMATION. 

196,  e;  I9fl,  b,  c)  which  enclose  a  lai^r  or  smaller  nnmber  of  lencM 
and  red  blood-cells.  The  arrangemcDt  of  the  threads  is  osnally  n 
lar,  but  the  thJckoess  of  the  network  aud  the  size  of  the  meahes 
greatly.  \Vlieii  there  is  unequal  development  of  the  fibrin  threads 
strands,  the  principal  strands  sometimes  lie  parallel  with  the  sm 
of  the  mucous  membrane  (Fig-  198,  c),    sometinies  perpeudicular 


ot  dIpliUieriUii  croup ot  Uw  Dh>nrne«l  orirena  (!L„ 

MMfulum,  MnuMIns  ot  epIthelUI  putea  Kod  dbrfn  sl- 

Eol  cuaguluin.  coiutaUiw  of  One-meebed  Qbiln  nFtvork  eDClattng:  leueaeyta ;  e,  third  teytv  of 
upin  Ibe  coDDSCllra  Umie,  ud  conalslUui  ot  n  nrldMnmbed  rcll<^luin  ot  nbrio  eiici«Mii<>  i 
meotlve  tlMuelnDltnlM  wiu  celli;  t.  InBltnled  tHwodur  layitrol  tl>e  cnniMctlTe  a 


mnnbmip;/.  tKBpsOtrHlblood-rella;  p.  whlelF  dllaled  blood-Teawlx:  h.  dlLat«l  lympfa-TMsHgiUli 
fluid,  flbrtn.  and  InioorTtvai  I,  duct  ot  a  iniHnui  gland  dlalnndnl  with  aravtioD  j  k.  truwrene  ktD 
Rland;  I.  Hbrln  rettculum  Id  UKSuperacIal  lajer  ol  connective  (Issue,    x  U. 

(Fig.  199,  c).  Thick  fibrinous  membranes  frequently  show  a  dis 
stratification  (Fig.  199,  n,  b,  c).  indicating  that  their  formation  ha 
curred  in  8ncces8i\-e  batches  pushed  up  from  below. 

When  a  mucous  membrane  becomes  the  seat  of  a  deposition  of  fi 
the  underlying  connective  tissue  Is  always  more  or  less  hypertemic 
199,  ff),  oedematous  and  swollen,  Infiltrated  with  leucocytes  (Figs. 
d,  e;  200,  e),  and  usually  contains  here  and  there  also  thready  i 
precipitates  (Figs.    199,?;  200,  /).     Very  often  the  tendency  t 
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Fro.  an.— Crmpoui  tnchelUi.  ! 
OtntD-stalD).  a,b,r,d,  Blooil-Teaeli 
irltb  leuoocjtes ;  /.  coDoecUie  tbnie  ' 


Fio.  sen.— TimamsUi:  flbrlDoparnlenC  perKotiltli  (akobol.  7ui  ainon's).  ( 
n*l  wall ;  b,  kidu  or  a  knuckle  of  InleaUnH  wblcta  bad  been  auliired  U>  Uie  w 
Intact;  d.  t,  abrlD-depaalt.    x  200. 
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precipitation  of  fibrin  is  manifested  also  'n-ithin  the  blood-reesels  (1 
200),  inasmuch  as  these  contain  at  times  tangled  threads  and  rod^ 
fibrin  (Fig.  200,  b),  at  other  times  fibrin-needles  grouped  in  stel 
forms  or  in  clustere  {a,  c,  d),  which  often  proceed  from  d^enen 
eudotbelial  cells  or  leuco- 
cytes, or  from  blood-plates, 
j  Q  or  radiate  from  poitions  of 

'  IT  the  vessel-wall   where  the 

I  tf  endothelinni  is  lost.     Likc- 

'*>  wise,    fibrin -threads   may 

'  t  be  also  found  in  the  dilated 

•  lymph -vessels,  in  associa- 

tion with  flnid  and  cellular 
exudate  (Fig.  199,  h). 

Ontheseroiumentbranea 
the  deposits  of  fibrin  ap- 
pear   partly    in    granular 
■  J  (Fig.  202,  rf)  and  thready 

J  (Fig.  201,  d,  e),  or  iuthick, 

' ,;  homogeneous  masses  (Fig- 

I  202,  c),  or  even  in  the  form 

,  of  ribbon-like  Itands.    Here 

also  the  epithelium  is  e\fo 
liated  at  the  point  of  depo- 
sition (Figs.  201,  d,  c;202, 
c),  but  may  be  preserved 
in  patches  and  covered  over 
with  fibrin  (Fig.  201,  c). 
j  The   connective   tissue   of 

1  serous  membranes  i  n  croap- 

\  oils  inflammation  is  some- 

j!  times  more,  sometimes  less 

il  infiltrated,  and   may  con- 

tain leucocytes  and  fibrin, 
both  in  the  congested  ves- 
sels themselves  (Fig.  200, 
17)  and  in  the  connective- 
tissue  spaces  (Figs.  200,  e, 
f;  20.1,  c).  More  marked 
exudations  of  fibrin  npon 
the  surface  of  serous  mem- 
branes may  produce  thick, 
felted  deposits,  the  formed 
elements  of  which  consist 
of  thready  fibrin  and  pus 
corpusch-s  (Fig.  203,  d,  e), 
as  well  ns  miero-oi^nlBms 
(b).  An  abundance  of  pos- 
eorpuscles  gives  to  the 
e-Tudate  a  _fibrinoparHle»t 
chanicter,  the  yellowish  de- 
posits l>ecoming  more  whit- 
ish i  n  color.  Pin.  aU.— nbrlnofanilnl  dlpkmraB  pirurltb  In  k  Hon 
Pihnunua  nfuAntea  •'«  ihn  '^  '^'^  (lufmBlta,  Blit1a-*t*tnl.  rt.  iDbKHl  plnua:  ■!. 
ItOnHOiia  eXHOateS  %n  Vte    oocd:  t.Bbnn:<l,r.Obfltt>tiii™l»nlHiiMi.te.    vjoo 
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lungs  are  cliaractcrizeU  by  the  fonuation  of  a  more  or  less  close  network 
of  fibriii-tbi'eads  (Fig.  2U4,  b),  in  whose  meshes  and  in  the  immediate 
neighborhood  of  which  lie  leucocytes  and  naiially  also  red  blood-cells  (e), 
mingled  with  desquamated  epithelium.  In  the  first  stages  there  are  also 
foand  occasionally  globular,  wreath-shaped  precipitates  of  fibrin  joined 
together  in  rows.  Fibrin-threads  may  develop  also  in  and  upon  dead 
epithelium  (Hauser). 

In  the  kidneys  deposits  of  fibrin  may  occur  in  the  form  of  fine  threads 
or  hyaline  masses  in  the  urinary  tubules  and  glomerular  capsules.  In 
the  Itfmph-glandji  fibrin-threads  are  formed  particularly  in  the  lymph- 
channels. 

Htemorrhasic  exudate — that  is,  an  exudate  contnining  large  num- 
Ikts  of  red  cells — occurs  especially  in  connection  with  the  exudation  of 
libriii.  The  exudate  of  croupous  pneumonia  constantly  contains  a  largel 
or  smaller  unmberof  red  blood-cells  (Fig.  204,  c),  and  likewise  in  fibrin- 


FIG    aw.— Croupdia  paeumonlB.    Bed  heuUzatlaa  ot  tbf  lunR  (Hirobol.  larmlne.  Bbrln.<talii).    a,  InDI. 
tnifit  alveolar  wpia :  b,  utortDuiu  eiudkW :  c,  red  blood-eel  la.    x  JMi. 


ous  pericarditis  and  pleuritis  gi^-at  numbers  of  red  blood-cells  not  infre- 
quently escape  from  the  vessels.  Haemorrbagic  iufiammations  occnr  not 
infrequently  in  the  central  nervous  system,  in  lymph-glands,  in  the  skin 
and  kidneys.  In  the  last  case  the  blood  e.scapes  from  the  glomerular 
vessels. 

The  serous,  fibrinous,  and  serofibrinous  inflammations  are  caused  by 
thermal  and  chemical  influences,  as  well  as  by  bacteria;  but  are  most 
frequently  the  result  of  infection,  partitmlarly  of  infection  with  the  Dip- 
lofoccax  pneumoniw  (Fig.  204,  6)  and  the  Badllus  diphtherUe.  The  former 
causes  particularly  croupous  inflammations  of  the  lungs  and  pleura,  the 
latter  gives  rise  to  fibrinous  inflammations  of  the  throaty  palate,  and 
respiratory  pass^:es. 
2S 
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yeunwnn  liolda  the  opinion  that  in  recent  fibrinous  inflammations  of  the  serous 
membranes  the  hyaline  bands  and  lumps  on  the  surface  of  the  membrane  are  not  exu- 
dative fibrin,  but  represent  layers  of  connective  tissue  that  have  undergone  a  fibriooid 
defeneration.  I  cannot  subscribe  to  this  view,  but  agree  rather  with  the  majority  of 
writers  who  have  expressed  opinions  upon  this  subject  that  the  deposits  are  exiida 
tive  fibrin.  The  illustrations  which  Neumann  has  presented  in  his  work  are  in  no  mao- 
ner  confirmatory  of  his  view,  but  enable  us  rather  to  affirm  that  Neumann  had  before 
him  in  his  preparations  exudative  fibrin. 
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§  92.  When  the  inflaminatorj-  exudate  is  made  up  chiefly  of  leuco- 
cytes, there  is  produced  withiu  the  tissue  a  small-celled  infiltration 


Pin.  205.— Purulent  hronchltls.  p^rlbrpnchlllii,  and  pprtbronchlal  bninolini 

e.f,,  hrooi^blal  «p1Uielluin  lnnilr»t«l  wlih  round  ™il*  una  partly  d«<quuD 

wall  oltti  sremll)' dllsWl  bliwd-venels :  e.  IntlliiBleil  perlbitinrhlHl  and  perUnoiial 

teolMiiepW,  In  |»rilnnii™i«lwiib  cells;  tf,  flbrlDouneiuc' " ■-   -■ 

ricb  In  cFlb ;  f.  nitmll  [1ll«l  wlih  pxudnw  ccmulnlnii  tey 

(Figfi.  191,  b;  205,  d,  e,f)  which  under  certain  conditions  may  be  so 
marked  that  the  structure  of  the  tissue  is  more  or  less  obscured.  If 
polynudear  leucocytes  or  pu5-cells  are  present  in  large  numbers  in  the  fluid 


t  > 

d  t 

PiO.  206. -Section  or  a  smallpni  puilule  (Injeru^  hfEnuloxi'lln  pnipsraOon).  n.  Horny  lawr:  h,  nil*, 
turn  moaHnm  at  tbe  epldennls:  it.  cMb:  I.  nmallpox  piislule:  /.  rnvlly  of  the  pork,  ponulnlna  U/,  pux- 
tofpusi-lni:   a-  Jbierp'PM'B'T  remains  ot  ppUbellum  InOlliWirf  with  pu»-corpUBclaa ;  h.  papillary  bodies 

uuUtrnwil  wiui  cella;  I.  uiaUlleatlon  with  tbin  poolt  < '     "'~  "* " ""    "  '""    "~ 

nmog  of  UK  bomr  anit  InuulUoual  lay«n.    x  SB. 
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exudate  on  tbe  surface  of  a  mocoiia  membraue  or  external  wooik 
that  theexudate  ia  white  or  yellowish -white  in  color  and  of  a  toilk 
creamy  consistence,  it  in  culled  pus,  and  such  an  iuflammatiou  is  dc 
nated  a  purulent  catarrh  (Fig.  205,  a).  A  persistent  marked  secre 
is  termed  a  bimiwrrham.  OullcctioDS  of  pns  in  the  body -cavities- 
example,  (he  pericardial,  pleural,  or  joint  cavities — give  rise  to  pun 
fftatioM  or  empyemata.  If  wilhin  a  blister  arising  throngh  tbe  1i( 
fiwtion  of  the  epilheliul  layers  beneath  the  homy  layer  of  tiie  epidei 
there  takes  place  a  marked  collection  of  lencocytes,  the  fluid  beco 
more  and  more  tnrbid,  white,  pundent,  and  the  vesicle  beeomeschat 
into  a  pustule  (Fig.  206,  /,). 

Wben  lencocytes  oollect  in  sach  large  niuubeis  witMn  a  tissne  ai 


FM.  m.— bitoUr  atiKMi  of  Uw  tnlMlialiraU  wtth  (mboUe  paralmt  IT 

......  ..... -    .    „        -  --  ttiedtlalHl  ud  p*fll)>nnnwtBCtr 

K  partpUl  thromboi ;  i,  perluUiU  imnilnit  InOltntkin  oC  Uie  HibDiimia :  fc,  n^n  «awlui  nmbi 


(■iTOlioL  riKlBld).    <1,A.  c,<t,<.  LBTmorinlHtimlnlli/.nma 
(BPtiat;  g,  mboliM.  nrnmBdiid  br  iii»«<«puKta  lrlB8«iibUi  tttedtlalHl  iDd  p 


give  it  a  white,  gray -white,  or  yellowish-white  color  tbe  process  assa 
the  character  of  a  purulent  infiltration.  Shoold  this  be  followed 
liquefactiOD  and  dissolntion  of  the  tissne  the  proce^  rmolts  fioalli 
tisAUC-suppu ration  and  abscess-formation  (Fig.  ^7,  i) — that  if.  ip 
formation  of  a  cavity  filled  with  pus. 

When  purulent  infiltration  and  t issue -soppnrat ion  occur  ou  tbe : 
face  of  an  organ — for  example,  on  a  nincous  membrane  (Fig,  208,  < 
ff) — the  process  leads  to  a  superficial  loss  of  sabetanc*^ — an  ol 
The  formation,  throngh  suppnratiou,  of  duct-like  cavitiesgives  rise  to 


Tbe  liqnefactiou  of  the  tissues,  which  is  designated  as  sopparal: 
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is  possible  only  under  the  condition  that  they  die.  This  tissue-necrosis  is 
usu;illy  present  before  the  occurrence  of  suppuration,  and  is  caused  by 
the  specific  action  of  the  agent  exciting  the  inflammatiou.  The  tissue 
may,  however,  die  ouly  during  the  course  of  inflammatory  infiltration 
and  then  liquefy. 

If  an  accumulation  of  pus-corpusclea  is  associated  with  an  abundant 
collection  of  fluid,  the  exudate  is  spoken  of  as  seropurulent ;  and  such 
aa  exudate,  when  infiltrating  the  tissues,  is  often  designated  purulent 
(Edema.  The  rapid  spread  of  a  purulent  or  seropurulent  inflammation 
over  wide  areas — for  example,  through  extensive  areas  of  subcutaneous 
or  submucosal  tissues — is  known  as  phleKmon  (Fig.  209,  c,  d).  This 
leads  very  often  to  the  formation  of  extrusive  pus-cavities,  in  which 
there  lie  shreds  of  disintegrating  tissue  infiltrated  with  pus. 

The  association  of  serous  exudation  and  fibrin  precipitation  with  sup- 
puration leads  to  the  formation  of  fibrlnopurulent  exudates  (Fig.  203, 
ft,  e) ;  and  effusions  into  the  body-cavities,  and  meningeal  exudates,  as 
well  as  croupous  exudates  on  mucous  surfaces  and  in  the  lungs,  and  also 
phlegmons  may  bear  this  character.  It  is  to  be  noted,  however,  that 
with  the  increase  of  suppuration  the  formation  of  fibrin  becomes  de- 
creased, and  the  masses  of  coagnla already  present  dissohe.  The  fibriu- 
masses  infiltrated  with  pus  are  white  and  easily  torn. 

Suppurations  and  the  associated  formation  of  abscesses  and  ulcers  are 
in  the  majority  of  cases  caused  by  bacteria,  most  frequently  by  tJie 
Staj)hifiococcu»  pyogenes  aureus,  Streplococeus  pyogenes,  and  the  Gonococcus; 


TiQ.  306.  -Suppuralion  and  n^nxb  ot  Ihe  miirou  n[  tbe  larxe  taUallne  In  dywnterr  (MQIler's  Ruld, 
luenuUvijlln.RHiln).  Rertlon  IbruDjrti  Uw  miHWA  ia}  and  nibrniKou  (b)  otihe  latve  iDWaUne ;  c,  muacu- 
larM:  d.  Inwrglandular.  d,,  subglaQdutiir  laflltrMlim  <il  tbe  mucosa:  e,  focus  oT  inDlintton  In  tbeaubmii- 
ccm:/,  Inllllrsted  uppcrKUnaular  layurunlerKolnHdi!8quniDUIon:  0.  ulcer  with  lallHml«d  bue.    X  «>. 

l>iit  suppurations  due  to  Actinomyces,  BaciUusiyphi  abdoniitudis,  JHplococciis 
pneamtmiiB,  or  the  Bacterium  coli  commune,  are  not  rare.  The  staphylo- 
c<»cci  generally  produce  localized  inflaminations ;  streptococtci,  on  the 
other  band,  phlegmonous.  Tl-.e  presence  of  certain  I>»eteria  (Bacillits 
pkleffmone8emphysemaiosa;,Fr&Dke\;  BaciUna  aerogcnes  capsttlatut,  Welch) 
may  cause  the  formation  of  gas  (gas-phlegmon).  Suppuration  is  some- 
times eetogenous,  sometimes  lymphogenous  or  hffimatogenons;  and  in  the 
last  case  often  bears  the  character  of  a  metastatic  process  (Fig.  207). 
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Of  the  chemical  substances  which,  when  introdnced  into  tbe  ti» 
cau  produce  suiipuratiuu  muy  be  meulioned  nierrary,  oil  of  tarpeDi 
petroleum,  five-  to  teu-per-eeiit.  solutions  of  silver  nitrate,  creolin,  i 
toxiu,  dilute  eroton-oil.  and  sterilized 
cultures  uf  various  bacteriii,  iu  which 
the  bitctmal  proteins  are   the  active 
ageiitN.      The   suppurations  produced 
by  cbeniii-al    sultstaiii-es    differ    from 
those    produced  by  infection,   iu   that 
they  held  more  easily,  do  not  spread 
in  the  tissues,  and  do  not  give  rise  to 
metastases,  an<l  through  the  fact  that 
their  pn>ducts  when  inoctilated  possess 
DO  viruleuee. 
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S  93,  As  vraa  explained  in  %  92,  supparatne  inflammation  always 
leads  to  tissue- necrosis ;  but  this  necrosia  is  immediately  lost  sight  of  iu  the 
presence  of  the  liquefaction  and  dissolutiou  of  the  tissaes  which  form 
the  characteristic  feature  of  suppuration.  In  other  forma  of  action  upon 
the  tissues,  there  may  occur  a  more  extensive  tissue-necrosis,  recogniz* 


no.  SIO.-Nernwfa  nf  Uw  epllbellum  of  the  xpisl'-uta  (Mflller'n  HuM.  liiBiiiBtoi;lln).  a.  Uvlns  ept- 
(iMUiunwIUi  well4ialiied  uuclvl;  h,  dticnjUc  eplihpllum  with  nuclei  nut  utaltilng ;  c,  leucocjtca  I^IdhId 
IheepllbeUum:  d,  bTpersniic.  iDOamed.  udlnflltraled  ooDitecUve  tlniw.    X  XO. 

able  even  to  the  unaided  eye,  which  is  not  followed  by  suppuration,  but 
on  the  other  hand  is  characterized  by  the  fact  that  the  necrotic  portions 
of  the  tissue  remain  unchanged  for  a  long  time,  and  only  relatively  late 
are  removed  through  sequestration  and  sloughing  or  through  absorption. 
Since  the  tis.sue-necrosis  in  such  a  cane  forms  the  chief  feature,  the  cou- 
liition  may  be  appropriately  designated  a  necrotic  Inflammation. 

The  tissue- necrosis  associated  ^tilh  iiillanimalion  may  be  caused  by 
caustic  chemicals,  high  or  low  temperatures,  and  Ischsmls,  as  well  aa 
by  Infection  (typhoid  fever,  diphtheria,  dysentery,  and  tuberculosis). 

The  necrosis  of  the  tissue  may  appear  first  of  all  aa  the  immediate 
effect  of  the  injurious  action,  the  inflammatory  exudation  following 
later,  and  being  confined  to  the  region  adjoining  the  necrosis ;  this  is 
especially  the  case  after  the  action  of  corrosive  substances,  and  high 
t<!mperature,  and  in  ischemia.  In  other  cases,  which  belong  chiefly  to 
the  infectious,  an  inflammation  is  first  established,  the  inflamed  and  in- 
filtrated tissue  later  becoming  necrosed.  In  tuberculous  infections  the 
necrosis  occurs  outy  after  the  tissue- proliferation  has  developed  and  has 
existed  for  some  time. 
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Necrotic  inflammations  are  most  f  requeutly  seen  on  the  n 
bmues,  aiiU  are  here  usually  called  diphtheritis,  particularly  those  t 
are  cauaetl  by  infection.  The  necrosis  may  at  first  affect  the  epitbel 
which  iu  consequence  loses  _ 

its  nuclei  (Fig.  210,  b)  and  ...,— Mff.'^-  ^.,r- 

later  acquires  a  lumpy  ap- 
pearance. If  there  are 
formed  white,  opaque  ' 
patches  upon  the  mucons 
membrane,  as  iu  Ibe  phar- 
ynx iu  diphtheria,  the  con- 
dition may  be  spoken  of  as 
fpUhelial  or  superficial  dipk 
Iheriiis.  Usually,  however, 
the  designation  dipbtherUia  is 
applied  only  to  tissne  ne- 
croses in  which  the  inflamed 
and  ittfiUrated  connective 
tissue  undergoes  necrosis 
(Fig.  211,  a),  and  becomes 
converted  into  a  lumpy  or 
granular  mass  without  nu- 
clei, or  into  a  nioi'e  homo- 
geneous mass  containing 
fibrin,  in  which  the  struct-        p[a.  m.-Bai:iiiuT  dumibeiith  oi  ttie  lanieiiuat 


ure   of    the  tissue  can    nu  ifc-Biiiduiw"iwrofii,e"iu«^inmi™«rfwttbl. 

longer  be  recognized.  in"*"  lnll«m«l  mucoa:    c,  nii«cul«l«  "uotm:   'I 

r^-    ■  .1        -.'  1  1  -  iducom;  e.coloaKsoT  bacilli;  /.  Emniu  vita  tlvtiu  r 

DiphlheritiC        Slonghnig  nnm :  a.  mandt  wltb  necroUc  eplmeliuiD  mnd  b«tlll :  f 

of  the    tissues   of    a   mucous  >««Uve.l«uelEBltn.Mdwltb<»ri,;  *,  blo«l-v««*h.    > 

membrane  is  observed  i>ar- 

ticularly  often  in  the  intestine  (Fig.  211),  but  occum  also  in  o 
mucous  membranes,  as  in  those  of  the  vagina,  the  descending  urii 
I,  and  the  region  of  the  throat,  where  the  tonsils  are  especi 
frequently  afl 
ed,  etc.  The 
erotic  tissue  fc 
white,  or  gray 
white,  or,  thru 
the  adniixturt' 
blood  or  bile 
other  impurit 
dark  green,  yell 
brown,  or  oth 
wise  c  o I o I 
sloughs,  wbicli 
surronndetl  by  i 
dened  and  influi 
tissue.  If  so 
time  has  aire 
elapsed  since 
formation,  and 
liquefaction  of 
.    ..         .    J  ..^       .       J    ..      ^       .      tissueattbeboi 

<,b](»d-Te«el>:r.beuiurTlU8e:  ir,clum|Hof  mlrnxwn.    X7i.      ary      bCtweeU    t 
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living  and  dead  tissues  has  occurred,  with  a  separation  of  the  latter, 
the  necrosed  parts  form  loosely  attached  or  wholly  free  deposits  lyinj? 
on  the  surface   of  the   membrane,   these  consisting  at  times  only  of 

small  flakes,  at  other  times  of  larger 
sloughs. 

Diph thelitis  of  mucous  membranes 
may  be  associated  with  croupous  de- 
posits (Fig.  212,  e,  d),  so  that  the 
tissue-necrosis  (^d)  may  be  covered 
over  with  fibrin  (c). 

Wound-granulations  may  also  ne- 
crose in  the  same  way  as  do  inflamed 
mucous  membranes;  such  a  condi- 
tion may  therefore  be  called  wcund- 
diphtheritia, 
fto.   218.— Diptatberitio  necrosis  witbin  a  Acute  tissue-necroscs  caused   by 

swotlen  mesenterlo  lympb^land.  In  typhoid  inf^^^finn  nnnnr  in  tViA  ocuaA  ni  fliA 
f*"ver  (alcotaoU  flbriD-stafn).     Fibrin  network       mieCtlOU    OCCUr    m    ine    Case    OI     tnc 

between  tbe  necrotic  cells.   X  800.  internal  orgaus,  chicfly  in  the  lymph- 

glands  (Fig.  213),  spleen  and  bone- 
marrow,  and  are  characterized  by  the  formation  of  opaque  grayish- 
white,  yellowish,  or  dirty-gray  sloughs.  Not  infrequently  fibrinous 
exudations  are  seen  within  the  necrotic  tissue  (Figs.  212,  d;  213). 

In  the  necrosis  caused  by  tuberculosis  the  destruction  of  the  tissue 
occurs  gradually,  and  bears  the  character  of  a  caseation. 

When  an  inflammatory  focus  contains  bacteria  which  excite  putrid 
decomposition  of  albuminoid  bodies,  the  inflammation  may  take  on  the 
character  of  a  putrid  srangrene ;  and  the  tissue  may  disintegrate  into  a 
dirty  gray  or  black,  tinder-like  mass  which  gradually  dissolves  and  gives 
off  an  extremely  disagreeable  odor.  Oas-bubbles  are  also  sometimes 
develoj)ed  in  the  focus.     (See  §  92. ) 
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II.  Tlie  Termination  of  Acute  Inflammation  in  Healing:. 

§  94.  Should  there  occur  in  any  tissue  whatsoever  an  acute  inflamma- 
tion, sooner  or  later  there  always  arise  processes  which  have  in  aim  the 
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removal  of  tbe  changes  eetablishetl  and  a  restoration  of  tbe  d^ene 
tissue,  aud  vhich  may  therefore  be  regarded  as  processes  of  repaii 
Ibe  cause  which  excited  the  iaflamraation  is  no  longer  present, 
processes  consist  es8(.-nti»lly  in  the  ceagation  of  the  pathological  exui 
and  its  replacement  by  Vie  normal  vascular  secretion,  the  removal  or  al 
lUtaofihe  exudate  present  andofthe  necrotic  tissue,  and  the  reMoration 
destroyed  tissue.  If  the  exciting  cause  of  the  inflammation  is  still  prese 
tbe  tissue  and  active,  it  must  be  removed  or  rendered  inert. 

The  cessation  of  the  alteration  of  the  vessel-walls  is  brought : 
through  the  restoration  of  tlie  normal  blood-supply  to  the  damaged  h 
vessels,  so  thsit  the  nutrition  of  the  vessels  again  becomes  normal.  ) 
alteration  was  slight,  and  if  the  exciting  Ciiose  of  the  infiammatioi 
acted  only  for  a  short  time — if  it  is  the  case,  for  example,  only  o 
brief  action  of  a  trauma,  or  high  temperature,  or  chemical  substance 
was  quickly  removed — the  restoratiou  of  tbe  vessels  may  take  plac 
very  short  time,  i.e.,  in  a  time  that  may  be  measured  in  minutes  and  h 

Wheu  the  exciting  cause  of  the  inflammation  acts  for  some  leiig 
time — as,  for  example,  in  the  case  of  bacteria  whieh  live  and  mnltif 
the  tissues,  or  if  changes  are  brought  about  through  the  iuflamni 
itself,  which  act  in  such  a  manner  as  to  alter  tbe  vessels — if  then 
been,  for  example,  a  tissue -necrosis — the  vessels  are  subjected  for 
time  to  a  continued  harmful  action,  which  hinders  the  complete  ref 
tion  of  their  functions. 


— Ptia4(Dcif(« 
tU'sniln).    a 


'ludnl  leucocTMi  ud  Iraipnenti  of  md 


llmile.  BlaDtU'B  mln).    a.  Bound,  ti.  ■plndle,  abroblul  wltta  leucocTleii:  c,  it,  e,  Dbrobtuli  conlW 


The  absorption  of  the  exudate  occurs  in  many  cases  easilj 
quickly,  in  that  it  is  taken  up  by  the  lymph-stream,  eventually  als 
the  blood.  This  takes  place  most  quickly  in  the  case  of  serous  esu* 
yet  in  many  places  fibrinous  exudates  may  also  t>e  quite  rapidly  rem 
but  this  occurs  only  wheu  tbe  coagula  soon  liquefy.  For  exampli 
coagulated  exudate  in  the  lung  may  be  liquefied  and  made  capal 
at>sorption  through  the  action  of  a  protetHytic  enzyme  (Milller)  that  J 
most  probably  from  the  leucocytes.  The  absorption  of  exudates  is 
often  aided  by  phagocytes,  that  is,  through  the  activity  of  amoE^boitl 
present  in  the  inflamed  area,  in  taking  up  corpuscular  substance! 
destroying  them.  Thus,  for  example,  large  mononuclear  cells  (ni 
phages)  lying  within  the  inflamed  area  may  take  up  through  : 
boid  movement  polynuclear  leucocytes  (Fig.  214,  a,  h)  and  destroi 
digest  them  (c,  d,  e).  In  the  same  manner  red  blood-cells  and 
disintegration -products  may  be  taken  up  (Fig.  115).  Firmer  fibr 
exudates  such  as  are  formed  especially  upon  the  serous  membraue.= 
also  large  collections  of  pus,  usually  offer  considerable  resistance  t 
sorption  and  are  the  cause  of  the  prolonged  course  of  the  inflaoinu 
although  tbe  character  of  this  may  t>ecome  changed  from  what  it  ^ 
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the  beginning.  In  very  many  cases  absorption  is  accomplished  by  the 
siiimltaneons  substitution  for  the  exudate  of  embryonic  tissue  which 
Inter  becomes  changed  into  connective  tissue. 

The  sequestration  and  absorption  of  necrosed  tissue,  with  the  ex- 
ception of  the  castiug-off  of  dead  epithelium,  which  may  be  very  quickly 
accomplished,  always  require  a  certain  length  of  time,  which  varies 
according  to  the  nature,  situation,  and  extent  of  the  necrosed  tissue. 
In  geuei-al,  the  inflammation  persists  as  long  jls  necrotic  tissue  is  still  pres- 
ent. Superficial  necrosed  tissues  may  be  C(uit  off  after  sequestration — that  is, 
after  the  separation  of  the  dead  from  the  living  tissues.  In  the  case  of 
deep-seated  tissue- necroses  in  which  the  tissue  does  not  soon  undergo 
total  liquefaction,  absorption  is  usually  slow,  and  is  brought  about  through 
a  gradual  substitution  of  living  tissue  for  the  dead.  Plias^oc3rtosis  often 
takes  place  also  in  the  absorption  of  necrotic  tissue.  Fatty  products  of 
'  disintegration,  which  have  a  positive  chemotactic  action  upon  the  amoe- 
boid cells,  are  taken  up  in  large  amounts,  so  thoX,  fat-granule  spherules  are 
formed  (see  Fig.  69). 

The  regeneration  of  tlie  degenerated  tissue  is  dependent,  for  its  oc- 
currence, partly  upon  the  degree  and  extent  of  the  degeneration,  partly 
upon  the  nature  of  the  tissue,  and  partly  upon  the  mode  of  action  of  the 
agent  exciting  the  inflammation. 

If  the  tissue-cells  of  the  inflamed  area  are  but  slightly  degenerated, 
they  are  quickly  restored  when  the  nutrition  becomes  normal.  If  single 
cells  are  lost  but  the  organization  of  the  whole  is  not  disturbed,  there  can 
take  place  in  most  tissues  a  rapid  renewal  of  cells  through  a  regenerative 
growth  of  the  remaining  cells.  This  is  true  particularly  of  the  different 
forms  of  connective  tissue,  the  surface  epithelium,  liver-  and  kidney-cells, 
while  ganglion-cells,  bone-cells,  cartilage-cells,  and  heart-muscle  cells 
possess  but  little  or  no  power  of  regeneration  (see  Chapter  VI.).  Ex- 
tensive destruction  of  tissue  with  solutions  of  continuity,  wounds,  frac- 
tures, suppurations,  necrotic  inflammations,  etc.,  lead  to  tissue-prolifer- 
ations, which  are  indeed  sufficient  to  close  the  defect,  but  for  the  greater 
part  do  not  lead  to  a  restoration  of  the  normal  tissue,  but  to  the  forma- 
tion of  a  tissue  of  a  lower  grade,  which  in  its  earliest  stages  is  known  as 
8:ranulation  tissue,  in  its  mature  form  as  cicatricial  tissue. 

With  the  entrance  of  regenerative  proliferation  and  the  formation  of 
granulation  tissue,  there  appears  in  the  course  of  the  inflammation  a 
phenomenon  which  later  gives  to  the  inflammation  an  especial  charac- 
ter, so  that  it  may  be  designated  a  proliferating  inflammation. 

The  plienomena  of  proliferation  begin  in  inflamed  tissues,  at  the 
earliesi;  after  eight  hours,  but  are  usually  flrst  clearly  recognizable  after 
from  twenty-four  to  forty -eight  hours. 

In  general,  they  appear  the  more  rapidly  the  milder  the  inflamma- 
tion and  the  more  quickly  the  pathological  exudation  is  overcome  or 
diminished.  Suppuration,  necrosis,  and  gangrene  of  the  tissues  hinder 
proliferation  and  retard  the  beginning  of  repair,  or  at  least  confine  the 
reparative  processes  to  the  neighboring  tissues. 

Every  tissue  capable  of  proliferation  furnishes  formative  cells  for 
tissue  of  its  own  kind  or  for  one  closely  related  to  it.  Pus-corpuscles  are 
not  formed  by  the  tissue-cells ;  on  the  other  hand,  cells  newly  developed 
from  the  tissue-cells  by  proliferation  may  become  mixed  with  the  eomdate, 
degenerate  in  the  same,  and  die.  Thus  not  all  the  cells  newly  develox>ed 
through  proliferation  fulfil  their  function  of  producing  new  tissue. 

The  removal  of  the  exciting  cause  of  inflammation  takes  place  very 


348  INFLAMMATION. 

diifereiitly  in  different  cases,  and  depends  in  the  first  place  ui^on  the 
nature  of  the  cause.  Many  traumatisms  and  thermal  infinenees  act  but 
for  a  short  time,  and  have  no  further  influence  npon  the  course  of  the 
inflammation.  Many  8ul)stances  acting  chemically  may  be  quickly  taken 
up  by  the  tissue- juices  and  made  inert,  or  excreted,  while  others  remain 
locally  active  for  a  longer  time.  Insoluble  foreign  bodies  in  the  form  of  M 
which  have  penetmted  into  the  tissue,  as,  for  example,  into  the  luDg^ 
are  for  the  greater  part  taken  np  by  phagoeytes  and  carried  away  (see 
§  21)  and  either  deposited  here  or  there,  or  are  i-emoved  from  the  body. 
Of  the  bacteria  exciting  inflammation,  many  soon  die  as  the  result  of 
bactericidal  substances  formed  in  the  diseased  area  (see  §  31\  Thedestntc- 
tian  of  the  bacteria  takes  place  partly  in  the  tissue-fluids  and  partly  by 
phagocytosis,  the  bacteria  being  taken  up  by  the  cells  either  alive  or  ha\- 
ing  first  been  killed  are  then  digested.  Of  the  bacteria  producing' 
inflammation,  many  soon  die,  while  others  live  and  constantly  prt» 
duce  new  generations  which  in  turn  cause  new  inflammation,  often  in 
such  a  way  that  in  the  first  diseased  focus  the  inflammation  may  subside 
and  healing  take  place,  while  in  the  neighborhood,  or  even  in  more  dis- 
tant regions,  metastatic  inflammations  develop. 

On  account  of  the  great  differences  which  exist  both  in  the  nature  and 
the  behavior  of  the  exciting  cause  of  the  inflammation,  as  well  as  in  the 
course  of  the  inflammatory  tissue-degeneration  and  the  exudation,  and  in 
the  course  of  the  healing  processes,  it  is  easy  to  understand  that  the  whole 
course  of  an  inflammation,  even  to  its  termination  in  healing,  may  var;^ 
greatly  in  different  cases,  so  that  all  the  possibilities  of  its  course  cau 
hardly  be  reviewed.  At  the  same  time  it  is  not  difficult  to  comprehend 
the  decline  of  the  different  forms  of  inflammation,  since  ultimately  the 
whole  process  is  always  made  up  of  the  same  factors — that  is,  of  tissue- 
degeneration,  pathological  exudation,  and  of  proliferative  processes^  the 
la^  of  which  are  calculated  to  remove  the  disturbances  caused  by  the 
first  two  factors. 

Neumann  groups  under  the  term  inflammatioR  all  those  phenomena  which  de\'elop 
locally  after  a  primary  tissue-lesion,  and  are  directed  toward  the  healing  of  this  lesion. 
According  to  tnis  view,  regeneration  is.  therefore,  the  most  important  part  of  the  in- 
flammatory process,  in  that  it  is  especially  adapted  to  restore  the  defect  of  tissue  caused 
by  the  primary  tissue-lesion,  or,  as  Neumann  puts  it,  to  restore  the  uninterrupted  con- 
tinuity of  the  tissue.  Such  an  identification  of  inflammation  with  regeneration  I  hold 
as  inadmissible,  in  the  first  place  because  tissue-regenerations  occur  which  clinicaQy 
and  anatomically  in  no  wa^  bear  the  character  of  an  inflammatory  process.  Then  also 
the  inflammatory  pathological  exudations  cannot  be  regarded  as  phenomena  that  can 
be  compared  with  regeneration,  and  that,  like  it,  have  for  an  end  the  healing  of  thf 
primary  tissue-lesion.  Even  if  they  act  favorably  in  individual  cases  (the  production 
of  bactericidal  antibodies,  formation  of  complement  by  leucocytes),  this  is  not  always 
true.  Much  more  oft«n  do  they  cause  serious  damage  which  increases  that  established 
by  the  primary  tissue-lesion,  and  often  enough  form  a  hindrance  to  the  rapid  establish- 
ment of  the  healing  process. 

The  phenomena  of  chemotroplsmus  or  chemotaxis,  that  is,  the  attraction  or 
repulsion  of  motile  cells  by  chemical  substances  soluble  in  water,  were  first  observeiiliy 
Strahl  and  Pfeffer^  who  carried  out  observations  on  the  myxomycetes,  infusoria,  bac- 
teria, spermatozoa,  and  zoospores.  Investigations  by  L^}ery  Massart,  Bordet,  Botmo^- 
GabriUchewsky J  and  others  have  shown  that  the  leucocytes  likewise  are  attracted  by 
chemical  substances  (positive  chemotrojrismus  or  chemotaxis)  or  are  repelled  by  them 
(negative  chemotropismus).  In  particular  do  products  of  the  vital  activities  of  the 
fission-fungi  (Lfher^  M assart,  Bordet,  Gabritschewsky),  or  the  bacterial  proteins,  that  b. 
albuminous  bodies  of  the  dead  bacterial  cells  (Buchner),  even  in  a  great  dilution  (accord- 
ing to  BuchTier,  pyocyaneus  protein  acts  even  in  a  three-hundred-fold  dilution),  possess 
a  positive  chemotactic  action.  According  to  Buckner,  this  property  is  shown  also  br 
gluten-casein  from  wheat^gluten  and  legumin,  uleuronate,  glue  from  bones,  and  alkah 
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albuminates  from  peas,  while  ammonium  butyrate,  trimethylamin,  ammonia,  leucin, 
tyroain,  urea,  and  skatol  show  negative  chemotaxis. 
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III.  intlamniatory  New-formation  of  Tissue;  Healing  of  Wound 
Substitution  of  Exudates  aud  Tissue-necroses  by  Conni 
Tissue. 

§  95.  Tlie  inflammatory  proliferation  of  tissue  is  essentially  a  i 
erative  process  nhich  aiDis  to  compensate  for  the  tissue -lesion  pr« 
by  any  cause  of  in  flam  mat  ion.  Especial  conditions  may  so  infl 
tbe  process  that  they  not  rarely  lead  to  hyperplastic  proliferatious » 
coQuective  tissue  vbich  fail  to  accompli^  this  purpose  and  cause 
injury,  and  this  is  especially  the  case  when  the  cause  of  iDflamii] 
(chronic  infection)  orthe  persistence  of  tbe  residues  of  acute  inflai 
tion  (exudates,  abscesses,  tissue  necroses)  keep  up  a  chronic  cent 
of  inflammation. 

The  inflamniatory  new-formation  of  tissue  is  brought  at>OQt  essen 
in  the  manner  described  earlier  (^g  81-80)  of  the  regenerative 
hyperplastic  proliferation  of  tissue.  They  may  be  distinguished 
simple  regenerations  by  tbe  fact  that  they,  at  least  in  a  part'  of 
course,  are  accompanied  by  rirctOalory  duturbanfvs  and  }>a(holi 
exudaliong,  especially  by  an  immigraiitm  of  lymphocytes  and  leticocyte* 
that  these  have  a  modifying  action  upon  the  course  of  the  process. 

The  gTMuIation^tissiie  which  is  formed  during  the  course  of  an  in 
matiou  is  nothiugniore  than  an  embryonic  tissue  arising  througl 
proliferation  and  infiltrated  with  leucocytes  and  lymphocytes 


cooDecUve  tlnue. 


iirabmhlB«t:  d.  BbnUwH  In  the  st 


llTt^tbun  hjTDUttoD ;  i 


the  beginning  it  consists  essentially  of  cdZn  fHn^jtwr-fiff-m^  himui-p 
which  at  ISrst  find  their  support  in  the  gromni'SiltSlance  of  the  tissue 
jwhich  they  pass  out,  but  soon  form  for  themseles  a  netp  groundnubgl 
The  cells  of  the  granulation  tissue  are  in  part  proliferated  tii 
cells  (Fig.  215,6,  r,  d),  in  part  polynuclear  leucoQ^s  (a\)  audmon 
clear  lymphocytes  (a),     lu  most  cases  the  proliferated  cells  are  coi 
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tive-tissue  cells  which  later  produce  connective  tissue  (_d,  e)  and  are 
therefore  known  as  fibroblasts.  The  gi-anulation  tissue,  however,  may 
[»lso  contain  the  derivatives  of  other  tissues,  for  example,  of  the  perios- 
teuiu,  marrow -tissue,  and  muscle-tissue,  in  theform  ot  onteobiagU,  ckondro- 
'jlaxts,  and  sarcoblaaU,  which  are  able  to  form  bone,  cartilage,  and  muscle. 
Further,  newly  formed  glandular  epitliellum  may  occur  within  glands, 
while  in  mucous  membranes  and  in  the  outer  skin  new-formed  surface^ 
t^ithelium,  may  be  fotind  In  or  upon  the  granulation -tissue,  these  ijctiig"" 
iible  to  produce  epUhelial-lisiiueformations.  The  fibroblasts  of  the  gfranu- 
lation-t issue  are  large  polymorphous  cells,  with  clear  nuclei  (Fig.  215, 
b),  and  in  part  possess  long  processes.  Young  forms  without  processes 
niny  resemble  epithelial  cells  and  are  therefore  classed  with  the  so-called 
epithelioid  cells.  With  the  help  of  their  processes  they  cau  push  into 
the  tissue  spaces,  but  nsnally  show  no  lively  am<eboid  movementa 

In  the  further  development  of  the  granulation  tissue  the  fibroblasts 
form  connective-tissue  flbrillie,  a  portion  of  the  protoplasm  taking  on 


1,  Flbroblasisr  6,  polymorphous  IjinphocyteB 


a  flbriilar  appearance,  or  first  becoming  more  homogeneous  and  then 
producing  fibrillffi  (Figs.  215,  d,  e;  216,  a;  217,  a). 

The  polynuclear  leucocytes  of  the  granulation  tissue  (Fig.  215,  a) 
arising  from  the  blowl  are  not  capable  of  further  development  and  either 
wander  farther  or  finally  die,  particularly  those  which  as  pua-corpuscles 
collect  on  the  surfsice  of  the  tissue  or  in  abscesses.  If  bacteria  are  pres- 
ent iu  the  tissue  (streptococci,  staphylococci,  gonococci,  anthrax-bacilli, 
etc)  the  leucocytes  may  act  as  phagocytes  (mierophages)  and  aid  in  the 
destruction  of  the  bacteria. 

The  lymphocytes  and  mononuclear  leucocs'tes  of  the  granulation- 
tissue  are  cells  which  for  the  chief  part  arise  from  the  blood,  although 
such  cells  may  later  be  present  in  the  tissue,  and,  increasing  by  division. 
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may  be  mingled  with  the  cells  of  the  exudate.  Many  of  theni  6 
the  graoulatioii  tissue,  as  do  the  polyimclear  leucocytes;  or,  on  tbe 
hand,  they  may  change  into  varions  cell-forms,  and  from  this  poi 
view  they  may  be  designated  pdyblasts. 

Entailment  of  tbe  cell -protoplasm  and  a  certain  enlai^remeol 
clearing  of  the  nucleus  give  them  the  character  of  epithdioid  ceB» 
□soally  they  are  of  smaller  size  than  fibroblasts  and  their  nucki 


I.    o,  Fibroblasts:  ^ft|.q 


darker  (Iroii-biBntatoxyliu  or  methylene  blue)  than  those  of  tbe  I 
blasts. 

By  sendhiff  out  plump  pgeudopodia  they  may  take  on  tbe  maul  tniriedj 
CPig.  216,  b).  C)o  the  surface  of  smooth  foreign  bodies  they  may 
form  an  epithelial -like  deposit  or  covering. 

In  the  development  of  fibrous  cicatricial  tissue  they  may  be  embe 
as  permanent  elements  of  the  same  in  the  form  of  spin^e  cells  which  ft 
can  be  distinguished  only  with  difliculty  or  not  at  all  from  the  oidi 
connective- tissue  cells  (Fig.  217,  b,  b,).  Occasionally  they  assume 
ft  character  corresponding  to  that  of  the  so-called  Idamtatocytes  of  Rai 
(Fig.  218,  b),  that  is,  they  form  spindle  or  branched  cells,  coa 
graunlar,  showing  many  vacuoles  and  often  containing  grannies  stai 
metacbromatically  (polychrome  methylene  blue).  Further,  thej 
assume  tbe  appearance  of  jdapuorfeHs  ("Figs.  217,  c,  218,  c),  that  is,  r 
or  irregularly  formed  cells liaving  an  eccentric  nucleus  and  a  briglit 
tml  and  a  dark  granular  peripheral  plasma.  These  plasum-celli' 
die  or  take  on  the  appearance  of  the  first-named  forms. 

The  derivatives  of  the  lymphocytes.  polyhJm^s,  are  those  cells  * 
show  the  greatest  activity  in  the  granulation  tissue  as  phagocytes. 
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not  only  take  up  bacteria  bnt  also  cells,  red  blood-cells  and  lencocytes 
(Fig.  214),  and  destroy  them  or  carry  tlieni  away. 

Tbey  have  also  au  especial  inclination  to  form  multinucleated  giant- 


FiG.  218. — Plasma  ceUa  and  klasmatocyles  within  scar  lismie,  forly  days  old  (Maifmow,  I.  c). 
a,  Flbroblaels;   b,  kliBmnlocytes;  c.  plasma  cells;  d.  Iilood-vefisd.     X  GOO. 

cells,  and,  indeed,  syncytial  forms,  that  is,  through  the  confluence  of  ceUs 
'yinff  ill  close  cmiiact.  This  is  most  frequently  observed  when  lai^r  or 
smaller  foreigu  bodies  or  necrotic  portions  of  the  tissue  lie  within  the 
granulation  tissue  (Fig.  219,  d),  and  they  are  therefore  designated  as 
foreign-body  giant-cells.  Soluble  substances,  for  example,  catgutsutures 
or  necrotic  muscle -substance,  can  be  gradually  dissolved  by  them. 

The  presence  of  certain  forms  of  bacteria  (tubercle  bacilli  and  lepra- 
bacilli)  Ciin  also  lead  to  tbeir  formation. 

The  blood-vessels  of  the  granulation  tissue  arise  through  offsbootn 
from  the  old  vessels  (see  Fig.  166),  which  very  early,  even  at  that  time 
in  which  the  immigration  of  leucocytes  takes  place  (Fig.  220,  ft,  b^),  show 


I,  Blamank  hroim).    a.  Hair;  6, 

proliferati\e  processes  (a),  aud  in  the  formation  of  granulation  tissue 
take  on  a  very  lively  proliferation.  '  The  young  granulatiou  tissue,  as  a 
result,  becomes  i>enneated  by  a  great  number  of  blood-vessels,  so  that  it 
acquires  a  red  appeanince.     Dnring  the  transformation  of  the  granulation 
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tiasiie  into  connecliTe  tisBae  or  scar-tissue  there  oocars  an  obliten 
of  the  vesneU  aud  the  Bear  becomes  pale. 

The  itmcture  of  the  xranulsUon  tlaiiM,  tbe  arlttn  and  tke  fate  o 

mIIb  coiltaliMd  Id  K.  have  been  for  deodes  the  object  of  investigation  and  diMU 

and  even  to-day  not  all  of  the  questions  can  be  regarded  aa  solved.     It  has  beea  d< 

Btrat«d  beyond  doubt,  however,  that  the  buiidera  o/cicalncial  (iuu«,  tbe  fibmblaii 

dtrivalipet   of  the  Jixtd    conmctirt-liaue 

further,  it  is  certain  that  the  ootifnudror 

cyla  arise  from  the  blood  and  undergo  ni 

ther   development.      The   origin    of   the 

g        mononuclear  cdU  which   resemble  tbe  Iji 

cyles  and   the  mononuclear  leucocytes  c 

blood  is  still  a  matter  of  dispute,  as  is  ib 

r6le  which   they   play  within   the  graouL 

^         tissue.     Even  in  the  year  1876,  on  the  g 

'       of  experimental  investigations,  I  expresap 

opinion   that    they   were   capable   of  a  f 

devrlopment  tTtta   epithelioid   cella   and  tb 

Pio.  nD.-OrdAwMioa   or  biood-r«sKl        the  time  of  their  formation  and  tmnsfom 

from  the  deep  isTsn  of  tbe  iklii,  fort?  bnan       they  exert  phagocutosit  and  take  up  olb* r 

sK.rsT«.:  ffl^irituSS  ""f  die-i  t5r'.nd  th.t  n^  '^  u 

nfrmatD).    a,  Eodounllal  oSht  wllh  ml-       changed  into  permanent  elementt  of  cica 

Iowa ;  b,  b„  leooocTMi.    X  880.  tissue.     I  have  further  demonstrated  thai 

especial   conditions  they  form   wynrytial 

Maximov),  through  investigations  carried  on  in  my  laboratory  in  the  years 
1902,  has  confirmed  the  view  that  the  mononuclear  leucocytes  and  lymphoq'tcs. 
passing  out  from  the  blood-vessels,  may  undergo  further  development,  and  has  dt 
strated  that  within  the  cicatricial  tissue  they  take  on  in  part  the  appearance  of 
mai«eytea,  plofma-eeUt,  and  maat-eelU,  also  in  part  appearances  similar  to  ttuMc  < 
ordinary  Jiied  connective-titmie  cell*,  so  that  finally  differentiation  of  the  two  rell- 
is  no  longer  possible.  They  also  change  in  part  to  fixed  connective-tissue  cells.  I: 
not  produce,  as  I  formerly  assumed,  tbe  fibnllary  ground-substance. 

With  reference  to  the  varied  forms  which  these  cells  show,  MaxiiTUiw  has  desif: 
them  pilyblaala.  Much  more  appropriate  would  be  the  term  polynuyrphoqfl 
poikilocytes,  although  the  latter  term  Is  in  common  use  for  various  forms  of  df^nei 
red  blood -eel  Is. 

The  differentiation  of  the  different  cell-forms  as  given  above,  rests  esaentially 
differences  in  the  structure  of  the  protoplasm.  Plastna  cella  ((/nno)  or  the  "k'r 
zellen  "  (von  MaTKfiaiko)  are  mononuclear,  round  or  oval,  at  times  elongated  celt 
stain  intenaely  with  methylene  blue  and  possess  an  eccentrically  placed  nucleus  sb< 
a  chromatin  network  and  five  to  eight  chromatin  granules.  At  the  peripheiy  o 
cell  the  protoplasm  is  more  densely  clumped,  so  that  there  is  formed  a  lighter 
surroundmg  the  nucleus.  The  klasmatori/Ug  (Ranvier)  are  spindle-shaped,  hmnct 
stellate  cells  with  blunt  or  swollen  ends  and  a  granular  protoplasm  that  often  cot 
little  vacuoles.  The  maal-eell$  (Kkrlich)  are  round  or  flat  or  spindle-shaped  cells, 
numerous  distinct  coarse  granules  that,  with  the  basic  aniline  stains,  show  an  in 
metachromatic  n 


Cells  of  the  character  of  lymphocytes,  leucocytes,  plasma-cells,  klasmatocyte: 
mast-cells  occur  even  in  normal  tissue  and  are  regarded  by  some  authors  as  es| 
forms  of  tissue  cells  and  by  others  as  cella  arising  from  the  blood.  According  to 
we  know  of  their  occiirrence  the  most  correct  view  is  probably  that  which  regards 
as  different  stages  of  development  of  a  mesenchymal  group  of  cella  of  an  especial 
that  are  to  be  separate  from  the  tissue-building  fixed  cells,  and  to  this  gnDup 
should  be  added  also  the  polynuclear  leucocytes  and  the  eosinophile  cells.  ('( 
stagesof  development  are  present  in  the  blood,  othersare  found  in  I  he  tissue  and,  in 
partly  in  especial  tissue- formations  (lymphadenoid  tissue,  bone-marrow),  and  pnr 
ordinary  connective  tissue.  Under  certain  conditions  the  individual  fonns  may 
into  one  another,  as,  for  example,  lymphocytes  may  become  transfonned  into  pi 
cella  and  klasmatocytes  into  mast  cells. 

The  mononuclear  cells  that  collect  so  quickly  in  an  infiammatory  area  arise,  k 
chief  pari,  from  the  blood-vessels.  When  the  j;iven  cell-group  occurs  at  the  pin 
inflammation  (as,  for  example,  perivascularly  situated  klasmatocytes  or  lymphoc 
they  may  increase  by  diiision  and  take  part  m  the  formation  of  the  cellular  colled 
In  scar  tissue,  for  example,  polyblasta  of  the  appearance  of  klasmatocytes  moy  cl 
again  Into  cells  corresponding  to  amceboid  lymphocytes. 
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§  9e.  If  upon  aDy  part  nf  the  body-surface  there  occure  an  open 
wound,  which  docs  iiot  become  infected  with  bacteria  or  seriously  iu 
jured  ill  any  way,  the  cdjics  and  base  of  the  wonud  after  twenty-four 
hours  become  deep-red  and  soiiiewbat  swollen.  The  individual  coDStilii- 
ents  of  the  tissue  can  still  be 
clearly  recognized,  only  the  tis 
sue  appears  somewhat  swulleii, 
and  here  and  there  small  shreds 
of  iiecrot!Q_Usstie  may  l»e  aeeu. 
On  the  second  day  the  gelatiiions 
condition  of  the  (issues  is  more 
apparent>  the  outlines  of  the  in- 
dividnal.  tisane  -  elements  are 
effuci^,  and  the  color  becomfS 
prayish-red.  On  the  woiiiid 
there  lies  a  reddish-yellow  Huid. 
Prom  the  second  day  on  there 
appear  over  the  whole  woumi 
small  red  papules,  which  rapidly 
increase  in  number  and  size,  l<e 
come  confluent,  and  after  two 
,  to  three  days  form  s  graiiQlar 

red  surface — a  sranulation  sur- 
face. This  is  covere<l  with  a 
more  or  less  abundant  wound-se- 
cretion, which  forms  a  gray,  ge- 
latinous layer,  later  becomin)! 
more  yellow  and  creamy,  Thi* 
layer  consists  of  a  coaguiehit 
eTudaie  and  numerous  jKilyiiti- 
clear  leucocytes. 

The  changes  which  (he  sur- 

nn.  £tL-Wounil-)rranol.tton.  trwn  an  npen  wound    ^^'^   "^  *he  WOUnd  shoWS  are  in 

Ho'^'^<^Ita!tSnTtofu'^°V"abri"opum^^^^^^  thcfirst  twodaysdepcndcul  nfrfiP 

wwii.v.'-«;.is.   ...  135.  '     ""■      the  local  hypenemia,  and  thein- 

filtration  of  the  tissue  with  «1- 
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lular  and  fluid  exudate,  and  upon  the  swelling  and  liquefaction  of  the  tis- 
sue ;  as  early  as  the  second  day  there  is  added  thereto  a  tissue-proliferation 
with  new-formation  of  vessels,  leading  to  the  development  of  wound- 
granulations.  After  a  few  days  there  will  have  developed  in  the  wound 
a  grajiiilai ion  tissue  {Fig.  221,  a)  consisting  of  fibrobUists  and  leucocytes^  tmd 
rich  in  wide  vessels  (c),  and  in  which  there  very  soon  appears  a  ^fibrillar 
gr mind-substance.  The  leucocytes,  which  belong  chiefly  to  the  polynuclear 
form,  are  found  in  all  the  layers  of  the  skin  in  fresh  granulations,  but  heap 
themselves  particularly  in  the  superficial  strata,  and,  embedded  in  fibrin,  ' 
cover  over  the  surface  of  the  granulation  tissue  (6).  The  fibroblasts  \ 
are  found  most  abundantly  in  the  deeper  layers  (Fig.  221,  a),  and 
here  the  new-formation  of  connective  tissue  proceeds  most  actively. 

When  a  certain  degree  of  fibrillte-formation  has  been  rexiched,  the 
process  comes  to  a  standstill,  the  remains  of  the  fibroblasts  with  their 
nuclei  remain  as  fixed  connective -tissue  cells  (Fig.  215,  e),  continue  to 
live,  and  attach  themselves  to  the  surface  of  the  bundles  of  fibrillse. 
The  process  has  then  reached  its  termination — the  granulation  tissue  has 
become  S€ar-tissue. 

In  open  wounds  of  the  skin,  when  infection  does  not  disturb  the 
course  of  healing,  the  formation  of  granulation  tissue  lasts  until  the 
wound  is  again  covered  with  epithelium.     The  regeneration  of  the  latter 
proceeds  from  the  edges,  the  epithelium  gradually  pushing  itself  over  the 
granulations.     With  the  formation  of  connective  tissue  the  reproductive 
processes  essentially  terminate,  but  transformation  processes  continue  in 
the  cicatricial  tissue  for  some  length  of  time.     Shortly  after  its  formation  »^ 
the  cicatrix  is  rich  in  blood  and  appears  red ;  later  it  loses  a  portion  of  *^ 
its  vessels  through  their  obliteration,  becomes  pale,  and  contracts  to  a 
volume  much  less  than  the  original.     Large  scars  of  the  skin  show  per-  ^ 
manently  a  smooth  surface,  since  the  papillary  bodies  are  not  again 
formed  or  only  imperfectly  (Fig.  223,  e).     The  tissue  of  the  scar  remains 
for  several  months  abnormally  rich  in  cells,  but  in  the  course  of  time 
becomes  poorer  in  cells  and  harder,  and  comes  to  contain  elastifi_fibres. 

When  the  healing  of  a  wound  occurs  in  such  a  manner  tCat  the  tissue- 
defect  is  closed  by  the  formation  of  a  granulation  tissue  visible  to  the 
naked  eye,  the  process  is  designated  repair  by  second  intention  (per  secun- 
dam  intentionem\ 

The  tiealing  of  Incised  wounds  of  the  slcin,  whose  edge4i,  united  by 
sutureSj  grow  together  by  first  intention,  takes  place  in  essentially  the  same 
mauner  as  the  healing  of  an  open  wound  by  second  intention ;  but  the 
processes  of  inflammation,  proliferation,  and  new-formation  of  tissue  are 
less  prominent,  partly  because  they  take  place  below  the  skin,  and  partly 
because  they  are  of  much  less  extent  and  intensity. 

The  result  of  such  a  cut  is  alwavs  a  more  or  less  abundant  exudation 
on  the  edges  of  the  wound,  forming  a  coagulated  mass  often  contain- 
ing blood  (Fig.  222,  c),  which  glues  together  the  opposing  wound-sur- 
faces. Very  soon  there  arises  an  inflammatory  infiltration  of  the  edges 
of  the  wound,  which  varies  greatly  in  different  cases,  and  when  the  course 
of  repair  is  aseptic  never  reaches  any  significant  degree  (</,  h),  attaining 
its  maximum  in  from  two  to  four  days,  diminishing  from  the  fifth  to  the 
seventh  day,  and  completely  disappearing  at  or  soon  after  the  end  of 
the  second  week.  The  inflammatory  infiltration  is  usually  greater  in  the 
neighborhood  of  the  wound-sutures  than  at  the  edges  of  the  wound. 

As  early  as  the  second  day  regenerative  processes  of  proliferation 
l)egin  in  the  connective  tissue  and  in  the  vessels,  and  lead,  in  t\\e  coui-se 
of  several  days,  to  the  formation  of  an  embryonic  tissue,  which  lies  partly 


358  INFLAMMATION. 

in  the  spares  of  the  connective  tissae  at  the  edges  of  the  vonnd  ( 
222,  /),  and  partly  extending  into  the  open  space  of  the  wound  itscl 
and  here  gradually  grows  into  the  coagulum  which  is  present  and  rep 
it.  This  tissue  is  usually  present  in  varying  quantity  in  different  ] 
of  the  wonnd  (Pig.  222),  and  may  be  entirely  absent  in  places.  Af 
oertAin  number  of  days,  the  time  varying  according  to  the  size  ol 


Fig.  £ES.—BnlliuioI  Indnd  wound  oIikiD  united  bjniture  (nemmlu'*  MtaUan. 
■Hon  nudn  on  Iba  ^nb  diy.  a,  EpIdermlB:  b.aKluin  ;  c.  flbrtnuiu  eiudate.  In  par  . .. 
nawlj  lonncd  epMBrml*,  conUlnlnR  naroeroin  dlTlslan-oiturM.  ud  wlUi  plugi  of  wtUKllDiii 
iDtoIheuDdorlTluieiiulMe;  c,  dlvUon-Oirurc*  Id  epIitnUurnMadliUiioa  tram  Itae rati  /.pniu 
embryonic  tinue.  dNeloplng  tnnn  the  oanD«ctl'r»41niM  ipirMs,  and  conMlnlnit  celli  wltli  Durleir  di 
flSum.uHllD[ivtalnTe«selairlUiprollterMlDRwall>:  g,  proUteraUng embrronlc  tbnie  wlU Ihic 
K  fociunt  ]eu<««7tni  In  d«epMt  aneleol  wound;  {.BbcoblaMa  lytngvlUilD  the  exudate,  oof  ibo 
nuclear  dlTlMon«irure ;  fi.  wliaccDuit-Klaiul;  I,  swnl-claad.    xTO, 

wound,  the  thickness  of  the  exudate  between  the  edges  of  the  wonud 
the  intensity  of  the  proliferatiou,  the  masses  of  embryonic  tissne  gro 
from  tlie  edges  of  the  wound  blend  together,  and  there  follows  the  fo 
tion  of  young  connective  tissne,  which  joins  the  edges  of  the  woun 
gether,  and  at  the  some  time  extends  also  into  the  old  tissue,  so  \ha 
boundary  between  the  old  and  the  new  tissue  becomes  indistinct. 

While  connective  tissue  is  being  formed  in  the  deeper  parts  ol 
wound,  the  epithelial  covering  on  5ie  surface  is  also  l>eing  regeno 
(Fig.  222),  and  indeed  in  this  manner,  that  the  epithelium  pi^es 
the  wound -surface,  and  through  a  continuous  cetl-division  (d,  c)  f 
an  epithelial  covering  consisting  of  many  layers.     The  epithelium 
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push  across  the  wonnd-snrface  eveu  before  a  new-fonnatloa  of  oellB  has 
taken  place. 

The  yoiiDg  connective  tissue  of  the  scar  uniting  the  edges  of  the 
wound  is  di»tingaishal)le  for  a  long  time  from  the  ueigbt>oriug  older  tis- 
sue through  its  richuess  in  cells  (Fig.  223,  d,f),  as  well  as  through  the 
finer  fibrillation  of  its  ground-suttstance ;  and  in  large  incised  wounds 
of  the  skin  there  may  be  found  In  it,  here  and  there,  after  the  lapse  of 


Pio.  a9.— CutaiKoiu  porUaD  at  &  laparmomy  cfwuli.  ■Iiteen  dart  after  tb«  operKUon  (Uflller^ 
tuld.  btenuiUiiTllii.  Ved  Cleaon's).  n,  EgilUielluDi :  h.  corlum;  c  mbcuUDWHU  t»l  tluuo;  d,  Kir  la 
corlum  1 1,  new  epllbellitl  vavehDR ;  f,  aaa  In  iHt  Unue.    x  38. 

weeks  or  even  months,  slight  evidence  of  proliferation  and  inflammations. 
In  general,  however,  transformation  processes  gradually  occur  in  tiie 
blanching  scar,  so  that  its  tissues  come  to  approach  more  closely  to  the 
normal,  and  finally  the  place  of  the  incisiou  can  no  longer  be  easily  rec- 
(^nized.  If  the  wound  heals  by  the  interpositionof  abundant  embryonic 
tissue,  there  may  occur  a  defect  of  the  papillary  bodies  (Fig.  223,  c),  so 
that  the  scar  remains  smooth.  * 

%  97.  AVheu  there  is  found  upon  the  surface  of  an  Inflamed  serous 
membrane  (Fig.  224,  a)  an  adherent  layer  of  fibrin  (6),  there  usually 
develop  quickly  beneath  it  granulation-formations.  The  earliest  t>egin- 
nings  of  these  can  be  seen  as  soon  as  the  fourth  day  after  the  formation 
of  the  fibrinous  deposit,  aud  they  consist  at  first  of  the  appearance  of 
fibrdbJagU  (/)  and  polyblasts  in  the  deepest  layers  of  the  fibrinous  mem- 
brane. These  arise  through  the  proliferation  of  the  connective-tissue 
cells  of  the  afi'ected  serous  membrane,  and  wander  to  the  surface,  and 
into  the  fibrin.     In  ateociation  with  this  phenomenon  there  follows  very 
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boou  a  iiew-f urmat  inn  of  lilood-v^HxeK  and  in  tLe  poursp  of  dayf  it 

weekH  tlicre  in  devcl<ijH-d  ujkiu  tlie  RurfarW  a  vawularembryouietisaii 

graiiulatiuu  tiwuf.  »lii<-li,  when  the  overij-ing  fibrin  layer  ifi  veiy  « 

pact,  Ijftti  tliU  u))  tfl 

talu  fFin.  L':-'5.  b.f); 

or  p«-m-Irat4w  into  ihe 

!iit«mtict»>  iif   t]i«-  fi- 
brin-mftmljntnv  (FiKK.         , 

224,  /;   22B,    b.    il).         * 

and  in  the  oounie  of 

lime  rcplaofK  tLe  ti- 

bi'iu.    lieuiaiuK  of  the 

fibrin    fFig.    226,  <■) 

way,  however,  often        m 

|>erKist    for    a    long      ^ 

time,     week  a     or 

moiitliK,     within    the  _^  -^ 

granulation  litMue.  -  -^-' 

In  thefomation  of       „».  »i.-«bnti  *,««  ».-  _ 

the  granulation  tiw4ue     ""fy^^  ■  ''?*l!SISi,^*'^I'^'''5L?i 

and  Ihe  development     Tiwn:'d.'n)ui!<]rf]is"inOJiniiini 

of    Hcar-tisBUe     the     «*"•««> "««:/.ii'«*i«uwio. 

epithelium  (endothe- 
lium) of  the  HeroiiK  mem branes  takes  no  part,  since  itprodncesno  fit 

blatitK.     On  the  other  hand,  the  products  of  Ihe  inflammatory  prolift 

lion  become  covered  later  with  epithelium. 

The  final  result  of  the  process  is  the  formation  of  CMinective  tiss 

which  leads  either  to  a  tkickeninff  of  the  Beroaa  which  had  beeu  hit€ 

with  fibrin,  or  to  an  m 

gion  of  Vie  opposing  mri' 

i      of  Vie  »cro«M  wnnhravt 

e      that  the  inflammation  I 

be  deMgnated  as  (Mft« 

The  r^olt  in  indivif 

cases  depends  partly  n 

*      the  amount  of  the  fil 

deposit  and  partly  u 

the  situation  of  the  afl 

ed  organ,  and  itscondi 

during  the  processof  I 

<  '       ing. 

Small  deposits 
fibrin,  limited  to  one 
face  of  the  serous  ir 
brane,  lead  only  to  th 
enings  of  the  sero 
which, becoming  pale' 
rin.  a».-i>r,Pmpn»ni  .1  «™nui.ti.,n  ii«ue  In  Ihe  ni^u™.  la      ^^^  obliteration  of  the 

hmnrlmpni-unioHlii  imil  I'lpiirlflii  of  loiinren  dajr*'  dunlhin  (atav        scls,  are  represented  II 
hok  Vuilihwiinl.    «,  HtpflnHiilr.lnnilniiwI  pleura;  li.yrrsitx-        ,      ,  ,  ;,'        jwi^i.^i. 

culw  imauUIIon  Umue;  r,  Dbrlii ;  il,  pUHnrpuwIem,  nnd  hfbd-        IV  UV    WllltU      tlllCkell 

ui»urp™cipn.(,^.ihun,in.   >:  1(0.  frequently  designate. 

tendinous    spots. 
firm  gtiieinK  logel  lier  of  two  serous  layers  by  an  abundant  deposit  of  fi 
leudM  also  to  a  linn  adhesion  of  the  same  through  the  abundant  foi 
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tionof  connective  tissae.  In 
the  case  of  a  amaller  amount 
of  fibhii,  and  I'epeated  rub- 
bing of  the  menibraues  upou 
each  other,  there  develop 
only  loose  tnemhranoua  or 
stringy  adliesions,  which  still 
permit  the  serous  surfitces 
to  move  upon  one  another. 
Very  large  amounts  of  fU>rin 
may  also,  uuder  certain  con- 
ditions, iu  part  peniianently 
resist  absorption,  so  that 
they  remain  lying  within  the 
newly  formed  connective 
tissue,  and  then  usually  be- 
come calcified. 

Coagulated  exudates  in 
the  lungs  may  quickly  be- 
come liquefied  and  absorbed, 
but  it  also  happeus  that 
their  removal  may  be  asso- 
ciated with  a  couuective- 
FTO.  m-R«™tionofgran»i.tion.i«ueiotheflbrino»»     t'88"e    proUferaHon,   which 

deposits  i^s  perlcsrdUtosevpnil  weeks  old  (MQller'i  Bulcl,        leads  tO  au  induration  of  the 
nnlluni.  conslMliig  of  ftraDiilaUon  llsnue  <d).  sad  Obrtn  (F).       lltJig.     The  proliferation  pro- 

'^  *"■  ceedlng  from  the  lung  tissue 

leads  either  to  a  thickening 
of  the  septa  (Fig.  227,  a,  b)  or  extends  into  the  exudate  lying  in  the 
alveoli,  in  the  form  of  an  embryonic  tissue  (d,  e),  which  later  comes  to 
contai  a  newly  formed  blood- 
vessels ((?"). 

riasses  of  coagula  with- 
in blood-vessels,  which  are 
called  thrombi,  give  rise,  in 
case  no  infection  occurs,  to 
au  inflammatory — that  is, 
associated  with  cell-emigra- 
tion— proliferation  of  the 
vessel-wall,  a  proliferating 
vasculitis.  This  process  cor- 
responds exactly  to  the  iu- 
dammatory  proliferation  of 
the  serous  membranes.  It 
is  entirely  immaterial 
whether  the  tbrombosis  has 
been  caused  by  a  preceding 
inflammatory  process  or  by 
any  other  conditions,  inas- 
mucli  as  the  presence  of  the 

mass    of    i-niffiilnm    ia    Biiffi  Prn.  ffll.  — Intraseptal  anfl Intrft^Weolar  formaUon of  OOD- 

lUA-*    oi    COagUiUm    is    sum-  necUTetHsuelnUioCunoKBloolKrt,  momMosjlIn).    (i.  Tbi.A- 

Cient  to  cause  illflamination  ^"^  Ohiwellulw  alveolar  •eptum,  in  pan  inaurated  wllh 

...                     ...         , .  round  cells  thy.  c  llbnnocellulBr  eiudate  In  Uie  slveoll ; 

and  tissue-proliferation.  d.  minMlveolar  tomiatlve  evUs:   e.  slrand  ol  iiplnill£«eU 


The   first  change   intro- 


BbroblBsU;    g,  tDlra^lrentar  ntiwlf  forni 
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dnoed  to  the  sulwU- 
tutkm  of  the  throm- 
bus by  coonectiv* 
tissue  is  bere  also 
the  appearance  of 
fibrmoAa  (Fig.  228, 
A),  which  ariHe  from 
the  veaael-wall,  and 
latefj  with  the  aid  uf 
vessels  growing  in 
from  the  vessel-wall 
and  its  neighbor- 
hood, form  an  em- 
bryonic tissae,  which 
ultimately  changes 
into  conneclive  tis- 
sue. The  complete 
substitution  of  an 
obturating  throm- 
bus or  embolus 
leads  to  the  obliter- 
ation of  the  vessel- 
lumen  by  vascular- 

ized    connective      x^i^- 

tissue  (Fig.  229,  g)  ; 

the  substitution  of  a  parietal  thrombus,  on  the  other  hand,  results  in 

formation  of  fibrous  Uuckeniugs  of  the  vessel-wall.     As  the  result  oi 


Tio.iSS.— DBTolopmenl  oI  embryonic  tEnoe  In  a 

irteiT  of  *n  old  man.  Uii«e  we^a  iRer  llRiMon  (iloolial.  bipiDaio 
a.  Media;  b.  elaitlc  LlmLtlnK  niembruii-;  c  tnUDu.  tlikkrned  i; 
older  InflkmnutorT  proassn:  d.  cuajrulBleil  bluod  :  t.  cellular  tnll 
ot  Uw  media,  /,  of  tbe  iQama ;  g.  round  »]!■,  puUt  Iq  Uie  Hit 


fl  hBemnmia(p;  /.  "Mn :  i 
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imi)erfeet  substitatioii  and  liquefaction  of  the  part  not  substitnted,  there 
arise  strands  and  threads  of  connective  tissue,  which  cross  the  hinien  of 
the  vessel.  The  calciUeatiou  of  portious  of  thrombi  not  replaced  by 
connective  tissue  leads  to  the  formatiou  of  vessel-stones  (arterio-  or 
phleboliths). 

Necrotic  tissue,  which  cannot  be  sequestrated  and  discharged  exter- 
nally, is  also  replaced  by  a  vascular  connective  tissue,  which  becomes 
converted  into  scar-tissue;  and  this  substitution  takes  place  in  the  same 
manner  as  in  tbe  case  of  fibrinous  exudates  and  thrombi.  The  requisite 
condition  for  this 
substitution  is  that 
the  necrotic  tissue 
»hall  contain  no  sub- 
tstances  (bacteria) 
which  hinder  tis- 
sue-proliferation or 
excite  severe  inflam- 
niatiou.  In  general 
if  1:4  immaterial  how 
the  necrosis  bas  oc- 
curred, and  whether 
the  necrotic  tissue  is 
free  from  exudate 
or  is  infiltrated  with 
exudate  or  blood. 
The  first  phenom- 
enon leading  to 
healing  is  the  asso- 
ciation with  the  in- 
flanimatoryexudate, 
in  the  neighborhood 
of  the  necrosis,  of  a 
t  issue  -  pr ol  i  f  erati  on , 
which  produces 
granulation  tis- 
sue, which  grows 
toward  the  necrotic 
tissue  (Fig.  229,  d. 

c),  dissolves  it,  and  finally  replaces  it.  If  this  process  is  not  disturbed 
by  any  influence  whatever,  even  very  large  tissue-necroses  (for  example, 
a  heemorrhagic  infarct  of  the  lungs)  may  in  the  course  of  weeks  and 
months  be  made  to  disappear  and  may  be  replaced  by  connective  tissue. 
It  may  also  happen,  however,  that  certain  tissues  I'esist  absorption,  or 
that  the  development  of  granulation  tissue  stops  so  early  that  remains  of 
the  necroKed  tiiuiueii  perniid.  and  later  become  calcified. 

When,  as  the  result  of  an  intlammation  or  ischiemia  within  an  organ, 
only  the  more  8ensiti\e  elements  die — for  example,  epithelial  or  muscle 
cells — while  the  connective  tissue  remains  intact,  the  absorption  of  the 
necrotic  portions  takes  place  very  quickly,  and  there  is  formed  within 
a  short  time  s,acar  or  callugof  connective  tisaue  (Fig.  230,  c),  in  which  tbe 
H])ecific  tissue -elements  are  lacking. 

Pus  is  quickly  abtorhed  from  small  abscesses,  and  tbe  defect  dosed  by 
granulation  and  scar  tUtme.  I^ai^e  amounts  of  pus  may  be  absorbed  from 
the  body-cavities  and  from  tbe  longs. 


_-.    in  hcartMDUMle.   BwUon  tbrongb  ■  mnscle-tn- 

beculiwblcli  buuDdFrvooe  DbroldrlBDfteOltlller^  fluid.  benuloxTlli]]. 
„  B-^-^-H. » "-mot  nonral  iDU>cl»«elli :  e,  bTPfipUrtfc 


a,  EDdocardlun 


a; 


Id  cells:  it,  unnbh:  BiuKl»«e]Ii  In  bnieiptuUe 

- ,.  .  jDm  rannFcUTe  ibnw.  poor  Id  Dodel  uicl  cohiUd- 

mu>rle.<«Ilg;/.  vpId.  Id  vbOM  nel^barttood  muKle-celli  ure 
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Abscesses  cause  in  their  neighborhood  a  proHferation  of  sTanulation 
tissue  which  leads  to  the  formation  of  an  abscess-membrane.  Tk 
abscess-cavity  may  become  obliterated  through  the  absorption  of  the  pus 
and  the  growing  together  of  the  granulation-membrane  covering  the  walls 
of  the  cavity ;  the  abscess  finally  heals  and  leaves  a  scar.  Incomplete 
absorption  may  lead  to  thickening  of  the  pus  and  later  a  oalcifiraim  of 
the  residue.  If  the  pus  does  not  become  inspissated,  the  abscess  may 
persist  and  in  the  course  of  time  may  be  increased  in  size  by  secretion 
from  its  walls. 

Empyemata  may  heal  in  a  similar  manner  to  abscesses  through  tbe 
absori)tion  of  pus.  At  the  time  of  absorption  the  tissues  enclosing  the 
pus  produce  granulation-  and  scar-tissue,  which  may  reach  a  consider- 
able size  when  the  process  of  absorption  takes  a  long  time  (Fig.  232). 
When  incompletely  absorbed,  calcification  of  tJw  fMckened  pus  may  oef-ar. 

Foreign  ixxlies,  so  far  as  they  are  absorbable  and  exert  no  specific 
influence  upon  their  surroundings,  are  likewise  dissolved,  and  replaced  br 
connective  tissue  in  the  same  way  as  are  tissue-necroses  or  fibrin  mjuvses. 
If  they  possess  accessible  interstices,  these  may  be  penetrated  by 
granulation  tissue.  If  their  mass  cannot  be  absorbed,  they  become 
encapsulated. 

Literature. 

(Mealing  of  Wounds  ayid  Productive  Inflammation.) 

Anschlitz:  Primfirer  Wundverschluss.    Beitr.  v.  Bnins,  xxv.,  1899. 

Barth:   Knochenimplantation.     B.  v.  Zi^ler,  xvii.,  1895. 

Baumgarten:  Die  sog.  Organisation  des  ThrombuS;  Leipzig,  1877;  Die  Rolle  der  iix«i 

Zellen  in  der  Entzundung.     Berl.  klin.  Woch.,  1900. 
Beneke:  Die  Ursachen  der  Thrombusoiganisation.     Beitr.  v.  Zieeler,  vii.,  1890. 
Borst:  Chron.  Entzilnd.  ii.  pathol.  Oiganisation.     Ergeb.  d.  allg.  Path.,  iv..  1900. 
BUttner:    Verb.  d.    Peritonealepithels  bei  Entziindung.      Beitr.  v.  Ziegler,  xxv., 

1899. 
Oassa^t:  De  Tabsorntion  des  corps  solides.    Arch,  de  m^.  exp.,  iv.,  1892. 
Chlamsky:  Methoden  der  Darmvereinigung.    Beitr.  v.  Bruns,  xxv.,  1899. 
Comil  et  Camot:  R^6n.  cicatricielle  des  conduits  et  des  cavit^s  muqueiises.    Artb. 

de  m^d.  exp.,  1898  and  1900;  Cicatrisation  des  plaies  du  foie.     Sem.  m^..  189^- 
CouncilnLan:    Acute    Interstitial  Nephritis   (Plasma-oells).      Jour,   of  Exp.  Med.. 

1898 
Enderlen  u.  Justi:  Heilung  v.  Wunden  d.  Gallenblase.     Z.  f.  Chir.,  61  Bd.,  1901. 
Vok:   Ueber  Niereninfarkte.     Beitr.  v.  Ziegler,  v.,  1889. 
Giovannini:  Lesioni  inflammatorie  e  neoplastiche  della  pclle.    Arch,  per  le  Sc.  .Med., 

X.,  1886. 
Graser:  Die  feineren  Vorgfinge  bei  Verwachsung  peritonealer  Blsitter.     Deut.  Zeit.  i. 

Chir.,  XX vi.,  1888;  Zusammenheilung  von  serosen  Hauten.     Verb.  d.  Chir.-C'ongr  • 

1895. 
Hallwachs:  Ueber  Einheilen  von  organischem  Material.    Langenbeck's  Arch.,  24  Bd.. 

1879. 
Hamilton:  On  Sponge  Grafting.     Edinburgh  Med.  Jour.,  xxvii.,  1881-82. 
Herbert:  The  Young  Plasma-Cell  in  Chronic   Inflammation.    Joiu*.   of  Path.,  vii. 

1900. 
Hildebrand:  Implantation  v.  Haaren  in  Dermoidcysten.     B.  v.  Ziegler.  \i.,  1890. 
Hinsberg:  Betheil.  d.  Peritonealepithels  bei  Einheflung  v.  Fremdkdrp.    Virch.  Arch., 

159  Bd.,  1898. 
Jacobsthal:  Histologic  der  Arteriennaht.    Beitr.  v.  Bruns,  xxvii.,  1900. 
Xaneko:  KUnstliche  P>zeugung  von  Maigines  falciformes  u.  Arcus  tendinei.    A.  i. 

Entwickelungsmech.,  xviii.,  1904. 
Xiener  et  Duclert:  Formation  et  gu^rison  des  absc^.    Arch,  de  m^d.  exp.,  v.,  Iwa 
KrUckmann:  Heilung  v.  Lederhaut wunden.     v.  Graefe's  Arch.,  42  Bd.,  1896. 
XUster:   Wunden.     Eulenburg's  Realencyklop.,  xxvi.,  1901. 


CHRONIC    INFLAMMATION.  365 

Iiatia:  RiAssorbimento  del  cat^t.    La  Rifonna  Med.,  1891. 

Meyer:  FremdkSrperperitonitis.     B.  v.  Ziejtler,  niii,,  189;', 

Honckebergf:  Verb.   (i.   Pleuroperitonealepltbels  bei   Einheilung  von  FrerndkOrpern. 

B.  V.  ZieRler,  xxxiv.,  1903. 
SCuBCatallo:   Cotidiz.  neccas.  alia  prodiu.  di  aderenze  periton.     Arch,  per  le  Sc.  Med., 

XX..  1896. 
Ocheton:  Tnnaplantation  to ter  Knochen telle.     Vipcb.  Arch.,  124  Bd.,  1891. 
Poggi:  La  cicatrisation  imin4diat€  des  blessurea  de  I'eatomnc.     Beitr.  v.  Ziegler,  iv., 

Jena.  1888. 
Sanvier:  M^canisiue  hist,  de  la  cicatrisation.     I^b.  d'hlst.  duColl^K^de  France,  1900. 
Boloff:    Roltc  d.  I'leuroperitODcalepithela  bci  d.  Entstch.   d.  BindegewebsadhkaioDen. 

Arb.  a.  d.  Inat.  v.  Baumgart«n,  ii.,  1897. 
Balzer:  Uelwr  RinheilunR  von  FremdkOrpem,  Wien.  1890. 
Schottl&ader:  Kem-  u.  ZelltheilunR  im  Endothel  d.   entzdnd.   Homhaut.     Arch.  f. 

mikr.  Anat.,  xxxi.,  1888;   Ueber  EinstichBtuberkulose,  Jena,  1897. 
Schujeninofi':  Verlindcningen  d.    Ilaut   nach   Aetzungen.    Beitr.    v.    Ziegler,  xxL, 

1897. 
Senftlebsn:  Verachlusa  der  Gefasse  nach  der   IlDtcrbindung.     Virch.    Arch.,  77  Bd., 

1879. 
Vermoral:   Rech.  sur  rinflamni.  pleurale.  Paris,  1898. 
Ziegler,  E.:   Entztlndung  der  Her6»en  H&ute.     Beitr.  v.  Ziegler,  xxi.,  1S97. 

See  alao  SS  94  and  95. 

IV.  Chronic  Inflammations. 

§  98.  iDfiammation  is,  according  to  its  imture,  an  acute  jtroceSB,  but 
various  couditioiis  may  cause  the  plieuomeuii  of  tissue-degeneration  and 
exudatiou  to  jteraist  for  a  longur 
time,  and  the  iuflajnmatiou  be- 
comes chronic 

The  causes  of  chronic  In- 
flammations may  be  found,  in 
the  first  place,  in  the  fact  that 
in  the  course  of  an  acute  inflam- 
mation tliere  occur  changes  which 
prevent  a  rapid  hetding.  In  this 
sense,  as  may  be  deduced  from 
the  foregoing,  act  all  large  tis- 
sne  defects  and  tissue  necroses, 
as  well  as  lai^e  masses  of  exu- 
date which  are  with  dlMcnlty 
absorbable.  When  necrotic 
masses  of  tissue  are  not  com- 
pletely absorbable,  as  in  the  case 
of  large  pieces  of  Iwiie,  they 
may  indeed  l>econie  seqnestrat- 
ed,  but  persist  as  sequestra  for 
years  (Fig.  231,  a),  and  keep  up 
a  constant  inflammation.  Fol- 
lowing the  production  of  a  large, 
superticial  defect  of  the  skin  as 
a  result  of  a  burn,  there  devel- 
ops a  gi-aiuilation  tissue,  but 
months  may  pass  before  the 
wound  surface  is  covered  o^er 
with  epithelium  from  the  edges 

.       ^     ,   .^  and  the  process  thereby  brought 

,  'in.  au -Netroel*  or  HfWen  yean'  iiu™Oim  In  Uie  .  ,     "^  ■'  ° 

Inwn-  put  ot  Uw  dlapbrdB  ot  Ihe  femur,    a.  Beau»-  tO  a  ClOSe. 

tnini:  h.f.edgMot  iheopenlDBlnlbellilclenedbone  a     f.irthftr  caii<m  of    chponir' 

(•Icnhullcprepanitton).    Beduned one-ibim.  -^    lunner  CAiise  oi    curuntb 


y***; 
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iidbituiualktti  k  fuosd  in  t<om^matii\ 

iv-pMOMd  iiitmlMk'ii  of  dost 
uuy  csiUM'  i.'iiiXAiiM'  ui&miiiia- 
tiuu  of  tbe  lau^:  rei«auid 
rul'I^iii^  uf  lW  KkJu  Buiv 
e<MiMf  ii  i-lirouk-  iufiuummiou 
uf  Um^  put  affedtid :  iJdHbo- 
lu^kaij  ^titeratMtw  of  the 
HUjiuM-ti  MMitiMitii  Buy  emofie 
dliixMuie  iuflamnuitkHi  of  titt^ 
M<juuM-lt.  Ju  tbe  tauaJs  of 
ibf.  litdy  in  wbif-b  nmcr>1i<nui 
msty  form,  the  buiar  uuy 
^v«  riM  to  laKtiug  tL-«sae- 
k»i<(Uft. 

Wlt^ii  tlw^re  exiitt  in  a  tiK- 
itue  fm/aroraUe  nutrilire  am- 
dUi4m»—'\.tf.,  maj-kied  congf«- 
tiou — tb««ie  may  enable  lUigbt 
external  intlueuceK,  that  uniler 
normal  (Mimlitjonii  either  pro- 
duce no  inflammation  at  all 
Of  oiui  HiKtii  Hutwidiij};,  to  8et 
up  ulcerative  prtxwsnes  show- 
ing no  tendeavy  to  heal.  In 
tliiK  manner,  for  example, 
i^hroiiiv  ulcent  of  the  leg  may 
uriMt. 

A  very  frequent  cause  of 
rlirfiiiic  intluniniation  is  fur- 
nlHbed  by  in/ectiwui,  particu- 
larly tllOHe  (^UMid  by  bacteria 
and  mtnMs,  wbieh  multiply  in 
tlui  iMJtly  and  thUH  coiiBtuntly 
give  rim  1»  new  inflammatory 
irrilatiun.  The  intlannnations 
which  they  cauxe  are.  diKtin- 
gnislied  from  otlierH  chiefly 
Tiy  t  be  fact  that  they  lead  to 
connective  -  timue  prolifera- 
lionH  {inffdUmH  ffranulaiion 
himorg),  and  that  they  uHually 
8liow  a  progremve  character, 
and  form  inctitHtiiM-H  through 
the  lymph-  and  blood -vesBeK 

Finally,  c/irmiio  intoicica- 
tionH  form  a  hiHt  cause,  The8e 
nffei-t  chiefly  tlie  kidneys  and 
the  liver,  and  may  be  at- 
trlbuttHl  either  to  the  con- 
tinued introduetion  into  the 
nrganlttm  through  the  gn»lro- 
inU'Hthial  tract,  lunga,  ur  skin 


rffe^fid  imjmrj  if  rtiermml  tiijfumre 


fia.  lSt,—vbaniKt  In  the  pirara  and  Imur  altrr  ■ 
IsDl  pteiultlB  laMlrw  sIk  moDUia  (ftk»b(A.  otr*i 
TblrlieDeil  lung  tlsue  witb  gland-Uke  klireoll.  uxl 
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of  substances  harmful  to  the  organs  directly  concerned  or  to  otliers; 

or  injnrions  substances  may  be  produced  within  the  body  itself,  through 

disturbances  of  the  processes  of  metabolism,  thus  giving  rise  to  a  chronic 

atttainioxication. 

The  forms  of  chronic  Inflammation  are  determined  partly  by  tfaeir 

fundamental  canses,  partly  by  the  character  of  the  affected  tissue. 

Chronic  indammatioii^i    characterized    especially   by   hyperplastic 

formations  of  connective  tissue  are  found  especially  in  the  ser- 
ous membranes,  lungs,  and 
skin,  but  may  occur  also  in 
other  tiaeues.  Chronic 
pleuritis,  caused  by  exu- 
dates which  are  with  diffi- 
culty absorbable,  or  by 
chronic  infections,  lead  to 
extensive  scar-like  thickenings 
qftliepleura  (Fig,  232,  ft,  e), 
the  new-formation  of  tissue 
occurring  in  part  upon  the 
pleura  (c)  and  in  part  with- 
in it  (b).  Moreover,  indu- 
ration  of  the  lung  (a)  may 
follow  various  infectious  in- 
Jlammaiiona,  or  may  be 
no.  m-flertion  of  »«OT«MttortiuiwwiihBbroMi  nod-     caused  by  the  continued  *»- 

ulee  (»to>l>oU  pIcnKannlnrl.    a.  Group  o(  abrold  hwIuIct;        ,    ,  ,.  J       .  .     ^    -  "    , 

b.  DonnBllUQSttMue;  e.Uilckened  lungUwiaaUUcinilalDliiB       hmotiOn  Of  stone  dust,  lU  the 

br.m.bt.v««i*«Ki»fe-ai»eoiL  xl.  j^jt^^  ^^  ^^^^  character- 

ized    by  the   formation    of 
fibroid  nodules  (Pig.  23.3,  a),  in  part  also   by  diffuse  induration  (c). 
Continued  irritation  in  the  neighborhood  of  the  orifices  of  the  urogenital 
apparatus,  as  through  the  discharge  of   irritating  secretions  (chronic 
gonorrhoea),   leads  frequently  to  the  formation   of  poinU^d  condylomata 
{condylomata  acuminata) — i.e.,  to  a  hyperphisia  of  the  papillse  and  epithe- 
lium, in  which  the  inflamed 
and  infiltrated  papillie  grow 
out  with  their  vessels  (Fig. 
2.14,  a,  ft)  and  frequently  di- 
vide into  branches. 

Frequently  repeated  or  J 
continued  slight  inflamma- 
tions of  the  skin  and  sub-  * 
cutaneoos  tissue,  due  to  me- 
chanical lesions,  parasites,  or 
any  other  continued  irrita- 
tion, may  also,  if  they  I'each 
a  considerable  extent,  give 
ri.se  to  a  diffuse  hyperplasia 

of  connective  tis.sue,  which  is         □.  _ 

known  as  elephantiasis.  ^^^  ^ 

Inflammatory      prolifera-         a.  e 
tions  of  the   periosteum  and 

bone-marrow,  which  give  rise  to  pathological  new-formations  of  bone  or 
a  Ajrperostosw  (Fig.  235),  may  be  caused  both  by  non-specific  irritations— 
for  example,  by  inflammations  which  run  their  course  in  the  neighbor- 
hood of  chronic  ulcere — as  well  as  by  specific  Infections — for  example, 
syphilis  or  tut>ercnlosis. 
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Chronic  catarrhs  of  the  mucous  membranes  are  sometimes  csmaei 
specific  infection  (goiiorrbcwi,  tuberculosis),  sometimes  by  DOii-spe> 
injuries  (concretions,  pathologic^  changes  in  the  gastric  or  intest 
coiiteiitM),  aud  sometimes  by  continued  distnrbancss  of  circulation  (i 
gestioii). 

Chronic  abscesses  arise  usually  from  acute  absresse^  and  have 
same  etiology  as  the  latter ;  but  may  also  develop  more  gradually  and 
then  caused  by  special  infections,  most  fre- 
quently tuberculosis  and  actiuomycosis.  They 
are  usually  limited  exterually  by  a  connec- 
tive-tissue membrane  covered  with  granula- 
tion tissue,  and  may  increase  in  sizt  partly 
through  the  seci-etion  of  pus  from  the  ab- 
scess-wall, and  partly  through  the  destruction 
of  the  wall  and  the  neighboring  tissue.  Pro- 
gressive enlai^uicnt  toward  the  deep-lying 
I>art8  leads  to  the  formation  of  burrowlne  or 
congestive  abscesses.  Their  increase  in  size 
is  always  to  be  ascribed  to  the  persistence  of 
the  infection.  Perforation  into  neighboring 
tissues  leads  accordingly,  also,  to  new  infect- 
ive inflammations. 

The  tuberculous  and  actinomycotic  forms 
of  chronic  abscesses  are  distinguished  from 
other  forms  partly  by  the  specific  characteris- 
tics of  the  pus  and  partly  by  the  peculiar 
structure  of  the  abscess-membrane  (see  Tuber- 
culosis and  Actinomycosis,  Chapter  X.). 

Chronic  ulcers  are  caused  chiefly  by  spe- 
cific iufections  (tuberculosis,  syphilis,  gland- 
ers), but  non-specific  injurious  agents  may 
lead  to  chronic  oleerative  processes  in  tissues 
which  are  especially  susceptible  to  such 
changes  Thus  chronic  congestion  in  the 
vessels  of  the  leg  may  have  such  an  effect 
that  ulcers  arising  through  any  mechanical 
iuflneuce  may  be  prevented  from  healing  un- 
der the  unusual  conditions  in  which  the  1^ 
finds  itself.  Likewise  peculiar  qualities  of 
the  stomach  eoutents  may  hinder  the  healing 
of  an  ulcer  of  the  stoma(;h.  If  healing  be- 
gins at  one  edge  of  an  ulcer  while  the  ulcera- 
tion advances  at  other  parts,  there  arises  the 

form  of  ulcer  known  as  aerpiffinous.     The  ex-     ^^^  ^  ^^  „„_,„ 

cessive  development  of  granulation  tissue  in  onii.  ■""""*■  "™— 
an  ulcer  leads  to  the  production  of  an  ulcus 

devatum  hypertrtyphicum ;  a  dense  callous,  lardaceous  thickening  of 
edge  and  base  give.-^  rise  to  the  form  known  as  ulcua  caBonim,  or  ih<'o 
or  atoll  cunt. 

Chronic  proiiferations  of  granulation  tissue — i.e.,  ffrtnulation*  « 
pergigt  as  such  for  a  longer  or  .shortertimc  without  becoming changtd 
connective  tissue — occur  chiefly  in  various  specific  Infections,  the 
known  being  tubercKloai«,  sy^UU,  Ifprosg,  giaaden,  rkittoaderoma, 
otfinomjfcon*.     Since  the  granulations   in  these  infectious  ofteu   I 
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fuugoid  proUferatioDB  and  tumor-like  formations,  they  are  often  also 
Ciilled  fungous  granulations  orcaro  luxurians  and  Infectious  granula- 
tion tumors  or  granulomata.  All  these  ghow  certain  peculiarities 
which  enable  us  to  reet^nize,  from  the  structure,  origin,  and  life- history 


Fici.  St.— SedioD  Ibroufth  (he  m 
dubtr  layer  dtcrwaBed  to  —  ^-^'-- 
«.  lotal  Mrapb]'  uf  t"  - 


of  the  granulation-formation,  also  its  specific  etiolopy  (see  Chapter  X.). 
It  should  bo  noted,  however,  that  the  etiology  of  some  of  the  graouto- 
muta  developing  in  the  skin  is  still  unknown. 

Chronic  inflammations  in  which  atrophy  of  the  specific  tissue  is 


nn.  :3T.— InitDmUoo  kni]  UnphT  nf  the  T 

Tlilrkirnal  uitl  Obroua  cbpbuIb  oE  Bi.wman;     _,  „ —      ,  „ _, 

loofB  ar*  In  p«rt  Jmpenneable  and  bomoaonwus.  unci  Uie  epltnclluin  for  the  «r™UT  pun  ium  ;  »,  nim- 
pKM^Ir  nbtlienled  (tlomrniliit ;  e.  homoEPneoiu  mimies  of  roMnilnUr.n.  Hiislnn  frcm  eiuJHlc  ui1  <l>«qua- 
nutit^  '■plCbfUum.  and  gludded  wltta  nuclei i/.  dcwiiiamitHl  RtoniemlBr  epithelium;  (r,  rareuUr  cpllhe- 
Hum:  h.  roUapiwI  urinary  tubule  wlUi  atropfalc  epfUielluai:  I,  cullapsed  tubule  vlUiouI  epittaellum;  k. 
bvprrnlasllr  oannertlvi^Uanie  ■troma;  I,  cellulu  fud:  ni.  nonoiil,  Bomewtaat  dilated  tubuleaj  )i,  aDereut 
VF!Mcl:  i,velii.    XSX. 

associated  with  hyperplasia  of  the  connective  tissue,  occur  particularly 
in  the  mucous  membntnc  of  the  gastrointestinal  tract,  and  in  the  kid- 
neys and  liver. 
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Id  the  Intestinal  canal  the  cause  may  lie  Id  specifio  (dyaenteiy) as 
well  as  in  non-specific  irritatioDB;  the  latter  being  dependent  apon  some 
abnormal  property  of  the  contents  of  the  canal.  The  epithelial  elemeuls 
may  UDdergo  necrosis  in  association  with  persistent  desquamation,  tbe 
connective  tissue  being  unaffected ;  or  they  may  necrose  and  disintegrate 
at  the  same  time  with  the  connectii'e  tissue  upon  which  they  rest.  Tbe 
final  result  is  a  mucous  membrane  (Fig.  236)  which  either  contains  no 
glands  (e)  or  only  rudimentary  oues  (a). 

In  the  liver  and  kidneys  the  chronic  inflammations  which  lead  to 
atrophy  and  iudnration,  and  whose  final  results  are  known  as  dirtiosls 
of  the  liver  and  indurated  contracted  kidney,  are  hsematogenons  dis- 
eases, in  so  far  as  they  do  not  depend  upon  disturbances  in  the  efferent 


no.  ISB.~OaDnectlTe.(lniM  tiTpenlMl*  uid  pnlttentkHi  of  UlfrduMi  In  fbmotc  toraUUi  WRtaL 
bmnBtoiyllD).  a.o,.  Llver-lobulea;  b.  li]rperpUsUc  wrlponal  •naaxMrt  Unue;  e.  oM  bUiHliKM:  it, 
newlr  [orTDed  MiMlueu;  e.  foci  of  anull-oelled  iallltruion.    X  50. 

passages  (obatmction,  inflammation  of  pelvis  of  kidney,  formation  of 
concretions),  and  are  caused  partly  by  infectioM  and  partly  by  intoxiai- 
tiotut.  They  may  begin  either  as  acute  inflammations  or  more  iiisidiooslj", 
and  are  characterizes  by  atrophy  and  d^eneration  of  the  glandular  tis- 
sue (Fig.  237,  h,  i),  hyperplasia  of  the  connective  tissue  (Fig.  237,  a,  k. 
and  Fig.  238,  ft),  through  cellular  infiltration,  formation  of  granulation 
tissue  (Pig.  237,  /,  and  Fig.  238.  e),  through  obliteration  of  old  vessels 
(Pig.  237,  c,  d),  and  through  the  formation  of  new  vessels.  In  the  liver 
there  occurs  also  very  frequently  a  formation  of  uew  bile-ducts  (Fig. 
238,  d),  which,  however,  for  tbe  greater  part  do  not  functionate. 


CHAPTER  VIII. 

Tumors. 

I.  General  Considerations. 

§  99.  A  neoplasm,  or  autonomous  new-g:rowth,  atypical  blastoma 
or  tumor  in  the  narrower  sense,  is  a  new-formation  of  tissue,  apparently 
arising  and  gromng  independently^  having  an  atypical  structure^  inserted 
uselessly  into  the  organism^  possessing  no  function  of  service  to  the  body,  and 
showing  no  typical  termination  to  its  growth.  The  atypical  character  of  the 
structure  of  a  tumor  is  shown  in  its  external  appearance  as  well  as  in  its 
internal  organization  in  that  a  true  tumor  departs  more  or  less  in  struct- 
ore  from  that  of  a  normal  organ.  When  this  departure  is  but  slight,  the 
structure  of  the  tumor  approaches  closely  to  that  of  the  tissue-hypertro- 
phies; and  there  occur  cases  in  which  the  difference  in  structure  is  so 
little  that  it  becomes  very  difficult  to  decide  whether  an  excessive  new- 
growth  of  tissue  is  to  be  classed  as  a  tumor  or  a  hypertrophy. 

Tumors  may  develop  in  any  tissue  of  the  body  which  is  capable  of 
growth,  and  arise  through  the  proliferation  of  the  tissue-cells,  asso- 
ciated with  a  new-formation  of  blood-vessels.  Kot  infrequently  there 
Qcxiwx%^^i0^n  emigration  of  leucocytes  and  lymphocytes  into'the  tumor,  and 
exudative  processes  and  inflammatory  tissue-proliferations  may  take 
place  in  its  neighborhood,  but  these  phenomena  form  no  essential  part 
of  the  development  of  the  tumor. 

The  processes  of  cell-division  and  new-formation  of  blood-vessels  are 
the  same  as  those  described  in  §g  80  and  82 — i.e.,  the  division  of  the  cells 
takes  place  by  karyomitosis,  and  the  new  vessels  are  formed  from  buds 
given  off  by  the  proliferating  cells  of  the  walls  of  old  vessels.  The 
mitoses  are  for  the  greater  part  typical  (Fig.  239,  h),  but  there  are  also 
found  relatively  often  atypical  forms,  such  as  asymmetrical  divisions, 
nuclear  figures  with  abnormally  large  chromatin  masses  (so-called  giant 
mitoses),  pluripolar  mitoses,  and  forms  of  nuclear  fragmentation,  and 
also  direct  s^mentation. 

In  their  fully  developed  condition  tumors  are  for  the  greater  part  well 
defined /rom  the  surrounding  tissues,  but  in  some  cases  they  m4iypass  into  the 
neighboring  tissue  without  any  sJiarply  defined  border  of  transition.  Further, 
an  entire  organ  may  become  transformed  into  a  tumor,  or  large  portions  of 
tissue  not  sharply  outlined  from  their  surroundings  may  take  on  the  character 
of  a  tumor.  Through  the  disintegration  of  tumor  tissue  there  very  fre- 
quently arise  ulcers. 

The  difference  between  the  structure  of  a  tumor  and  that  of  normal 
tissue  is  usually  recognizable  even  macroscopically,  but  there  are  also 
tumors  which  so  closely  resemble  the  parent  tissue  from  which  they  arise 
that  the  difference  can  be  made  out  only  through  a  more  careful  exami- 
nation. 

The  circumscribed  tumors  are  usually  nodular  (Figs.  240,  d ;  242,  d,  e ; 
243,  a).    The  size  of  the  single  nodules  varies,  according  to  the  kind  of 
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tiiiiior  mill  llift  HUmt!  of  development  at  the  time  of  examination,  froi 
Hiiiiilliwtt  viHiltlo  miliary  and  Kubmiliary  uodules  to  masHes  weigfaingi 
iH't-iity  klloKniiiis  cir  more.  When  situated  upou  the  surface  of  am 
niHhiliir  tiinidnt  not  Infn-quently  take  on  the  form  of  a  sponge  (Fig. 
tl)  or  of  a  |K)lyp,  and  are  accordingly  designate /un^ouf  or  potypc 
mw«.  Wlit-ii  a  new-growth  on  the  surface  of  a  mucous  membnine  < 
Hkin  IciuIh  to  un  enliu-f^emeut  and  branching  of  the  papil lie  there  pn 
<ii'  if  m-w  i)ii|iillu4  ui-o  fonurnl,  there  arise  learty,  verrucose,  aud  paj 
tHmiiiM  iir  jHiitiUomata  (Fig.  241).  A  further  development  of  the  pup 
Hiruflnrc  may  load  to  a  ilmdrilic  branching  and  the  foi-mation  of  a 

Tiiiiioi-M  usiiiilly  dcvflop  from  small  beginnings;  only  rarely  do 
aris)'  f  linn  ii'Utivs  ext^'uding  diffusely  throughout  au  entire  organ. 


5i\*«:fc  *v*>  W  ts'.ht^r  r*|>»<l  »■*  >ii>»,  *i>i  *jll»  tmmtsional  periods  o 
v^vtxv.     i'W-r  ]:Tt>«;h  ttuiy  h-  $«if«caVil  ftirynr^  aad  then  sntl 

;.«   ■  '■•ip^-'vr.  .■4./-W*  -.  tti*-\  \v<  tvCjut, <¥«»;:;  <&irsK«niT3rs  of  tbp f 

V.wvxJ  -.;  ^o  ;V  r  >r->.-    ->r- i.c  i?fn»rs.-t>  Tsat-.y^  nay  bediridrt 


GENERAL   CONSIDERATIONS    REGARDING   TUMORS.  373 

are  also  included  hi  this  group  tliose  tumoi-s  arising  from  the 
specific  elemeuts  of  the  nervoiis  system,  the  glia-cells  and  ganglion- 
cells,  and  also  the  nmscle-tiimors,  since  these  in  their  structure 
resemble  the  connective-tisBae  tamors  much  more   than   they  do   the 

epithelial. 

The  differences  in 
the  types  of  the  con- 
nective -  tissue  tumors 
are  essentially  depen- 
dent upon  the  charac- 
ter of  the  ground-sub- 
stance, and  in  part  also 
upon  the  cells.  When 
the  tumors  are  very 
rich  in  cells  and  the 
ground  -  substance  but 
slightly  developed, 
they  acquire  a  soft  con- 
sistency and  are  classed 
with  the  aarconuiia. 
Very  soft  forms  are 
designaled  as  metlvSary 
or  fungi  mediiBares. 
Through  the  corabimi- 
tion  of  different  forms 
of  connective  tissue 
there  arise  mixed  con- 
•nectiiT.-thme  tumor*. 

The  epithelial  tu- 
mors are  composed  of 
cells  derived  from  gur- 
face  epitheHum  or  from  ffland-celts,  and  also  of  vosctUnr  connective  tissue — 
which  foims  a  supporting  framework  in  the  spaces  of  which  the  ceils 
arising  from  the  proliferatioa  of  surface  epithelium  or  gland-cells  lie  in 
dttfinite  groups.  Inasmuch  as  this  arrangement  gives  to  the-tiunors  a 
structure  suggesting  that  of  a  gland,  they  aro  often  also  called  organoid 
tumors,  in  contradistinction  to  the  liistoid  connective-tissue  tumors.  It 
should  be  noted,  however,  that  there  are  also  included  in  the  couuec- 
tive-tissue  group  of  tumoi-s  certain 
varieties  (endotheliomata)  which 
have  au  organoid  structure. 

The  cells  which  give  the  epithe- 
lial tumors  their  especial  character 
arise  either  from  the  ectoderm  or  en- 
toderm, and  from  the  glands  devel-  ' 
oping  from  the  same,  or  finsilly  from 
the  mesodermiU  epithelium  of  the 
pericardium,  and  of  the  pleural  and 
peritoneal  cavities,  or  of  the  glands 

arising    from    this   laver   (kidnevs,       „     „„    ^  „,       , 

r     ,       ,  ,  1   >    ^  n,  f^TO.  341.— PaplllHTy  arfpnoma  afreeuim.     N»l 

Rexual   glands,   adrenals).     Tumors  uniaize. 

having  the  last-named  origin  often 

xhow  more  or  less  distinctly  the  especial  character  of  the  parent  tissue 
from  which  they  arise. 

Very  soft  cellular  epithelial  tumors  are  also  designated  ttifdidlary. 
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Combinations  of  epithelial  proliferations  with  proliferations  of  tl^ 
connective  tissue,  which  exceed  the  ordinary  amount  of  supportiDg  tis- 
sue or  l)ear  a  sarcomatous  character,  lead  to  the  formation  of  fpithtiial 
mixed  1 91  mom. 

The  teratoid  tumors  and  cysts  form  a  group  which  is  especially 
characterized  on  the  one  hand  by  the  fact  ths^t  they  contain  the  mo^t 
varied  kinds  of  tissue  which  may  be  derived  from  all  three  germ-layers 
(teratoid  mixed  tumors)^  and  on  the  other  hand  by  the  presence  of  tinmf' 
f </t-matious  in  regions  where  they  do  not  normally  occur.  Tumors,  there 
fore,  which  according  to  their  structure  may  be  placed  in  one  of  the  otiier 
groups,  may  be  considered  as  teratomata  on  account  of  their  situation. 
Further,  there  are  also  included  in  the  group  of  teratoid  tumors  oertais 
formations  which  according  to  their  structure,  origin,  and  physiological 
relations  ought  not  to  be  classed  with  the  tumors. 

Tumors  usually  develop  sini^iy ;  but  it  also  happens  that  within  a 
certain  tissue  system  there  may  appear  either  coincidently  or  in  socces- 
sion  a  great  number  off  tumors  off  the  same  kind,  so  that-  it  must  be 
assumed  that  the  conditions  requisite  for  the  development  of  these  tu- 
mors were  present  in  different  parts  of  the  system  affected.  At  tim^ 
there  develop  in  different  organs  of  the  same  individual  two  entirely  dif- 
ferent varieties  of  tumors^  which  stand  in  no  relation  to  each  other,  and 
whose  coincident  appearance  is  purely  accidental. 

The  exact  determinatioii  of  what  should  be  included  under  the  tenn  tmnork 
hardly  possible;  and  consequently  the  designation  tumor  is  applied  to  many  diffeient 
formations  which,  according  to  their  etiology,  genesis,  and  life-characteristics,  iiave  nut 
the  same  signiUcance.  The  idea  of  tumor  is,  therefore,  very  differently  conceived  br 
different  authors.  I  regard  it  as  advisable,  and  also  as  based  upon  the  life^baFarteris- 
tics  of  the  tissue-formations  which  we  are  about  to  consider,  to  exclude  in  the  tirst  place 
from  the  class  of  tumors  all  hyperplastic  proliferations,  and  further  all  retention-cy^ 
which  arise  purely  through  the  retention  of  secretions  and  show  no  independent  new- 
formation  of  tissue.  Further,  according  to  my  view,  there  thould  be  separated  firm  tki 
true  tumorg  all  proliferatione  of  timue  dtte  to  the  presence  of  parantee  or  to  infedion,  par- 
ticularly the  infectious  ffranulomata  which  occur  in  tuberculosis,  syphilis,  leprosy,  etc. 
Should  it  be  proved — which  so  far  has  not  been  done — that  some  of  the  new-growths 
now  included  with  the  true  tumors  are  caused  by  infection,  they  should  also  be  ei- 
eluded  from  the  category  of  true  tumors. 

The  above  classlflcatiofi  of  tumon  is  based  essentially  upon  their  histological 
character  and  histogenesis.  They  may  of  course  be  classified  according  to  other  points 
of  view.  Lubarseh  has  offered  the  following  classification  with  reference  to  the  growth 
and  behavior  of  the  tumor:  (1)  Tumors  which  differ  from  the  parent  tissue  in  the 
arrangement  of  their  elements,  but  for  the  chief  part  present  no  recognizable  incrnse 
or  At  most  only  a  transitory  growth  (various  teratoid  new -growths,  misplaced  tissue 
anlage,  congenital  nwvi,  many  adenomata,  myomata,  fibromata,  lipomata,  chondro- 
mata,  and  osteomata);  (2)  tumors  which  show  a  certain  autonomy  and  independence  in 
their  structure,  but  yet  on  the  whole  obey  the  normal  laws  of  li'fe  in  that  Uiey  always 
respect  the  physiological  tissue  boundaries  (myomata,  adenomata,  angiomata.  lipomataV 
(3)  tumors  which  are  wholly  emancipated  from  the  physiological  laws  of  life  and  ruir 
in  the  tissues  in  total  lawlessness  of  growth  (carcinoma,  sarcoma). 

The  atypical  structure  of  tnmors  is  not  given  so  much  prominence  by  all  au- 
thors as  has  been  done  above.  This  is  particularly  true  with  reference  to  those  tumor? 
which  are  similar  in  structure  to  the  parent  tissue  from  which  they  arise,  and  which  are 
accordingly  designated  homopiaetie  tumors.  It  should  be  noted,  however,  that  even  in 
these  tumors,  hi  so  far  as  they  represent  true  neoplasms  (chondroma,  osteoma,  flbroma. 
etc. ),  there  occur  in  general,  in  the  histological  structure,  coarser  organization,  aod 
external  form,  pronounced  departures  from  the  normal.  Tumor-like  congenital  tis- 
sue-hypertrophies (for  example,  many  osteomata),  as  well  as  hyperplastic  new-for- 
mations of  tissue  resulting  from  inflammatory  processes,  must  be  separated  from  the 
true  tumors. 

Tumors  are  in  no  sense  usefol  to  the  organism  as  many  tiasue-hypertrpphies 
tnay  be.    Tumor-tissue  does  not  possess  the  specific  activity  of  that  tifssue  from  whkh 
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it  springs,  so  that  tumors  can  in  no  way  be  regarded  as  useful  new-formations  of  tissue. 
It  happens,  indeed,  that  in  certain  tumors  tliere  occur  processes  of  secretion  whicii 
correspond  to  normal  secretions — thus,  epithelial  tumors  may  produce  mucous  or  horuy 
or  colloid  material  (thyroid  tumors),  or  bile-pigment  (liver-tumors),  even  in  metastatic 
nodules — but  from  these  facts  we  can  conclude  only  that,  in  many  tumors  which  do  not 
differ  too  greatly  in  structure  from  the  parent  tissue,  the  cells  may  retain,  to  a  certain 
degree,  for  a  number  of  generations,  the  functional  capacities  of  the  parent  tissue. 
There  is,  however,  no  basis  for  believing  that  new  useful  tissue  is  formed  as  in  the  case 
of  hypertrophy  from  increased  labor;  the  products  are  for  the  chief  part  of  no  use  to 
the  body,  aud  though  perhaps  in  especial  cases  the  iodine-coniuiuing  tuiioid  produced 
hy  nmligDaiit  tumors  of  the  thyroid  may  be  made  use  of,  such  a  fuuctiou  must  surely 
be  of  much  less  value  than  that  of  the  normal  tissue. 

The  tumors  arising  from  the  mesodermal  epithelium  of  the  serous  membranes  or  of 
the  glands  arising  from  these  are  included  in  the  group  off  epithelial  tumors.  This  is 
justified  by  the  fact  that  such  tumors  correspond  in  tlieir  structure  and  clinical  be- 
havior to  the  epithelial  tumors  of  the  ecto-  and  entoderm.  I  have  also  considered  the 
question  whether  it  would  not  be  advisable  (as  Hamtmann  has  proposed)  to  class  also 
among  the  epithelial  tumors — i.e..  the  adenomata  and  carcinomata — those  tumors  which 
have  a  framework  of  connective  tissue,  the  spaces  of  which  are  filled,  in  a  manner  sug- 
gesting epithelial  tissues,  with  cell  nests  arising  from  the  proliferating  endothelium  of 
the  bl^xl-  and  lymph -vessels.  Aside  from  the  similarity  in  the  structure  of  these  tumora 
with  the  ordinary  adenomata  and  carcinomata,  there  may  be  taken  in  favor  of  this  view 
the  fact  that  from  the  anatomical  side  the  endothelium  of  the  blood-  and  lymph -vessels 
is  often  designated  as  mesodermal  epithelium.  Against  such  a  grouping  of  the  endo- 
thelial with  the  epithelial  tumors  may  be  urged  the  facts  that,  aside  from  the  general 
acceptance  of  the  term  endotiielioma,  the  behavior  of  the  endothelium  of  the  blood-  and 
lymph -vessels  under  pathological  conditions  is  very  different  from  that  of  epithelium, 
and  that  in  many  tumors  it  is  impossible  to  separate  the  products  of  the  growth  of  the 
endothelium  of  the  blood-  and  lymph- vessels  from  the  products  of  proliferation  of  con- 
nective-tissue cells. 
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See  also  {§  100  and  101. 

§  100.  The  etiology  of  tumors  is  by  no  means  nniform,  and  very 
often  cannot  be  determined  with  certainty.  In  the  majority  of  cases, 
however,  the  conditiom,  at  least,  under  which  the  new-growth  appeared 
can  be  assigned  and  we  may  accordingly  establish  different  groups  of 
tumors.  Infection  is  indeed  very  frequently  advanced  as  a  cause  of  tu- 
mors, but  such  etiology  has  not  in  any  case  been  demonstrated  beyond 
doubt. 

As  th^  first  group  of  tumors^  according  to  etiology,  may  be  taken  those 
arising  from  esiped^l  congenital  anUige,  so  that  we  may  in  a  certain  sense 
regard  them  as  local  malformations  of  tissue.  They  develop  either  in 
uterine  life,  and  are  present  at  birth,  or  later  in  extra-uterine  life,  dur- 
ing the  period  of  growth  or  even  later,  in  which  case  trauma  not  infre- 
quently gives  the  immediate  occasion  for  the  beginning  of  the  develop- 
ment of  the  tumor  from  the  preexisting  anlage. 

To  this  group  belong  in  the  first  place  many  osteomata,  chondromata, 
angiomata,  gliomata,  fibromata  (of  the  nerves  and  skin),  sarcomata  and 
adenomata.  Further,  many  teratoid  tumors  and  cysts  are  also  to  be 
included  in  this  group,  inasmuch  as  they  represent  in  part  either  re- 
mains of  foetal  structures,  transpositions  or  monogerminal  inclusions  of 
embrj^onic  tissue,  implantations  of  rudimentary  portions  of  a  twin  em- 
bryo (bigerminal  implantations),  or  probably  also  the  results  of  disturb- 
ances of  the  earliest  stages  of  the  development  of  the  ovum. 

A  second  group  develops  after  traumatic  injuries  of  the  tissues ;  and  it  has 
been  reckoned  that  in  about  seven  to  fourteen  per  cent  of  cases  a  tran- 
matic  origin  can  be  assigned ;  particularly  in  the  case  of  sarcoma,  carci- 
noma, and  osteoma.  The  causes  of  the  tumor- formation  may  be  a  single 
injury,  a  stab,  a  blow,  crushing,  fracture,  etc.,  as  well  as  repeated  me- 
chanical irritation,  such  as  rubbing,  scratching,  etc. 

In  a  third  group  the  development  of  the  tumor  follows  inflammation^  par- 
ticularly the  formation  of  gi-anulation  tissue  with  subsequent  cicatrization.  The 
inflammation  and  ulceration  may  be  caused  by  non-specific  as  well  as  by 
specific  injurious  agents.  For  example,  cancer  of  the  gall-bladder  (Fig. 
242,  df  e)  almost  invariably  develops  only  in  gall-bladders  which  contain 
stones,  and  are  consequently  the  seat  of  chronic  inflammation.  In 
the  stomach,  cancer  may  develop  in  the  edge  of  an  ulcer  or  in  the  result- 
ing scar  and  also  in  a  mucous  membrane  which  has  suffered  severe  changes 
as  the  result  of  previous  inflammation.  In  the  external  skin  and  also  in 
the  mucous  membranes  of  the  pharynx  and  larynx  cancers  occasionally 
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arise  in  the  base  of  a  tubercnioiis  or  syphilitic  gmnuloma  or  in  the  soar 
of  such  a  process. 

In  a  fourth  group  ike  devdopmeat  of  the  tumors  appears  to  owe  its  origin 
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to  an  unequal  atrophy  of  the  elements  which  make  up  a  Osime,  so  thai  certain 
hindrances  to  growth  are  removed  or  lessened.  Not  mechanical  resistance 
alone,  but  influences  dei>eudent  upon  the  chemical  conditions  of  the  lis- 
«iie,  should  be  considered  in  this  connection.  Here  belong  especially  cer- 
tain tpUheUal  proliferations  {cancers)  which  develop  in  old  age,  or  in 
oi^ns  which  after  a  period  of  increased  activity  become  atrophic.  In 
this  way,  for  example,  the  development  of  cancer  of  the  skin  may  be 
explained  on  the  gronnd  that  the  connective  tissue  of  the  skin  undei^oes 
a  certain  retrogression  leading  to  a  relaxation  of  its  structure,  while  the 
epithelium  is  still  possessed  of  it«  fnll  power  of  proliferation.  At  the 
same  time  the  chemical  composition  of  the  connective  tissue  may  be 
altered. 

It  caonot  be  doubted  that  the  etloltvy  of  tumors  Is  not  always  tbe  same,  as  is 
sbowu  by  the  variety  of  conditions  under  which  they  arise. 

It  is  difticult  lo  say  what  U  the  nature  of  the  influence  which  cxeit«s  the  cells  to 
Xhc  proditetion  of  an  alspiad  titsue.  We  are  at  first  incllued  to  think  of  the  same  causes 
which  underlie  hypertrophy  and  regeneration  of  tissue,  also,  on  the  one  hand,  of  espe- 
cial congenital  anlage  or  of  stimuli  which  Increase  the  formatiTe  activity  of  the  cella. 
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and  on  the  other  liand,  of  a  lessening  or  removal  of  hindrances  to  growth.  But  it  stUl 
remains  a  problem  why  there  should  not  be  formed  t3'pical  tissues  which  would  so  fit 
into  the  organization  of  the  body  that  they  would  be  of  service  to  the  latter.  In  the 
attempt  to  explain  this  phenomenon,  which  is  at  the  same  time  associated  with  an  in- 
crease in  the  vital  and  reproductive  capacities  of  the  cells,  even  under  pathological  con- 
ditions (metastasis  of  the  cells  through  the  blood-  and  lymph- vessels),  many  writers 
have  sought  and  would  recognize  bs  the  cause  the  presence  of  parant^  (see  Etiology 
of  Carcinoma) ;  but  our  present  knowledge  does  not  in  any  way  justif}'  us  in  attributing 
the  development  of  true  tumors,  of  autonomous  new-growths,  to  the  influence  of  para- 
sites. On  the  contrary,  the  development  and  life-history  of  tumors,  and  in  particular 
the  formation  of  metastases,  which  without  doubt  arise  through  the  multiplication  of 
living  tumor-cells  transported  in  the  lymph-  or  blood -stream,  speak  against  the  hypoth- 
esis of  the  parasitic  nature  of  tumors. 

Cohnheim  advanced  the  theory  that  all  true  tumors  arose  from  especial  tumor- 
anlage  which  had  their  origin  in  the  persistence  of  foci  of  erabr}'onal  tissue.  Neither 
the  results  of  clinical  observation  nor  of  the  anatomical  investigation  of  the  tissues 
speak  in  favor  of  such  a  theorv. 

Ribberi  is  of  the  opinion  that  the  cause  of  the  pathological  proliferation  which  leads 
to  tumor  format  ion  is  to  be  found  particularly  in  a  separation  of  cells  or  cell -groups 
from  their  organic  relations,  such  a  separation  occurring  eitlier  as  the  result  of  intra- 
uterine disturbances  of  development  or  later  under  the  influence  of  external  agenciesL 
Nevertheless,  such  transplantations  or  separations  of  cell-groups  take  place  very  fre- 
quently in  intra-uterine  life,  or  after  trauma,  after  ulceration,  in  scars  and  in  infectious 
granulomata,  without  any  subsequent  development  of  a  tumor.  These  irantplanta' 
tions  of  tissue  constitute  only  one  of  tlie  predisposing  causes  of  tumor-fortnation,  but  some 
other  factor  is  necessary  to  excite  the  atypical  progressive  tissue-proliferation — ^i.e.,  the 
development  of  the  tumor.  The  development  of  a  tumor  is,  therefore,  in  no  wise  depen- 
dent upon  a  transplantation  of  tissue  ;  rather  does  the  tumor-proliferation  take  its  origin  in 
cells  which  are  normally  situated ;  and  this  may  be  actually  demonstrated,  particularly 
in  the  case  of  epithelial  tumors. 

Beard  holds  the  view  that  tnniors,  in  particular  the  carcinomata,  arise  from  sexual 
cells  which,  during  the  development  of  the  body,  have  been  displaced  between  the  so- 
matic cells  and  are  there  preserved. 

Our  knowledge  of  Vie  causes  of  iumor-dei>elopment  at  the  present  time  may  be  suxnined 
up  as  follows:  Inherited  and  acquired  conditions  of  certain  cells  and  cell-groups,  which 
assert  themselves  in  a  tendency  to  increased  formative  activity  with  the  production  of 
atypical  tissue,  lead  to  the  formation  of  tumors.  In  many  cases  this  proliferation  is 
prepared  for,  favored,  and  excited  by  the  transplantation  of  cells  and  cell-groups,  but 
often  also  through  changes  in  the  neighborhood  of  the  cells  concerned.  No  general 
scheme  applicable  to  the  development  of  all  tumors  can  be  given.  On  the  contrary, 
the  conditions  vary  not  only  with  the  different  forms  of  tumors,  but  also  with  the  indi- 
vidual cases  of  the  same  tumor-type.  Moreover,  it  should  not  be  forgotten  that  the 
formations  which  we  class  as  tumors  do  not  all  possess  the  same  significance,  and  that 
many  of  the  same  ought  more  properly  to  be  classed  with  other  phenomena  of  growth 
(malformations). 
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See  also  §  99. 

§  101.  When  once  a  tumor  has  arisen  in  any  tissue  and  has  reached  a 
certain  stage  of  development  it  may  become  quiescent  in  growth,  and 
remain  for  a  life-time  without  undergoing  further  change.  This  is  true 
particularly  of  those  tumors  which  according  to  their  origin  are  re- 
garded as  local  iiMt^'tndlfomiations ;  but  tumors  which  develop  first  in 
later  life  may  also  come  to  a  standstill  after  attaining  a  certain  size. 

The  growth  of  a  tumor  takes  place  independently,  and  in  many 
cases  continues  even  until  death  occurs. 

From  the  surrounding  tissues  the  tumor  acquires  both  its  blood-ves- 
sels and  thereby  its  food  material,  but  may  besides  grow  independently 
—i.e.,  through  an  increase  of  the  cells  which  form  the  elements  of  the 
tumor.     In  many  cases  the  tumor  increases  in  size  essentially  through  an 
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Interstitial  expansive  growth,  and  the  neighboring  tissue  is  only 
crowdtHl  or  pushed  aside.  In  other  cases  the  tumor  tissue  grows  by 
infiltration  anA  forces  ita  way  into  the  iniercdhilar  spaces  of  the  nei^iboriiig 
tissue,  so  that  new  areas  of  tissne  are  thus  brought  under  the  influence  of 
the  tumor.  In  this  way  the  cells  of  the  newly  invaded  tissue  are  often 
excited  to  proliferation,  so  that  an  enlargement  of  the  tnmor  takes  plat* 
through  au  appositUmal  grmdh,  in  which  both  the  cells  of  the  original 
ttunor  and  of  the  surrounding  tissue  take  part. 

The  characteristic  feature  of  growth  by  infiltration  consists  in  the 
inxxlvement  of  the  tissues  of  the  organ  which  lie  in  the  neighborhood  of  the 
primary  ttunor.     Further,  the  tissue  of  neighboring  organs  (Fig.  242,  e,  f) 


FtO.  !!4&— Eerllon  Uirouirli  &  prlnurr  cuicer  ol  tbe  liver  (a),  vltfi  multlpte  metutiia  (b)  n-ntalD  Out  Uv0 
iuelf.    TbrwaeventlH  Mtural  slie. 

may  become  invotved  by  the  tvmor  through  its  spread  by  contigitity.  If 
tumor-cells  gain  entrance  into  the  great  body-cavities  they  may  spread  over  thf 
serous  surfaces  and  lead  to  the  development  of  tumors. 

If,  in  the  process  of  infiltration,  n  tumor  gains  entrance  into  a  lymph-  or 
blood-vessel — an  event  which  in  particular  is  always  likely  to  occur  iu  the 
case  of  the  tumors  called  carcinoma  and  sarcoma — and  if  living  tumor- 
cells  capable  of  proliferation  are  transported  through  the  lymph-  or  blood- 
vessels, there  often  arise  tumor-metastases — i.e.,  a  development  of 
daughter-tumors  which  are  not  directly  connected  with  the  primary 
tumor.  The  daughter-tumors  raay  at  first  develop  iu  the  organ  primarily 
affected  (Fig.  243,  b),  but  usually  soon  involve  other  organs  as  well ;  iu 
the  cjLse  of  rupture  into  the  lymph -ve.ssels  the  Igmph-glands  are  first 
affected;  in  rupture  into  the  blood-vessels,  those  organs  to  which  the  blood 
carries  the  living  cells.  The  direction  of  the  transportation  is  usually  that 
of  the  lymph-  and  blood-stream,  btit  retrograde  transportation  not  infre- 
quently occurs,  particularly  in  the  lymph -vessels,  the  lumina  of  which 
are  easily  obstructed  by  tumors. 

The  development  of  daughter-tumors  takes  place  in  all  cases  from 
transported  cells.  In  the  event  of  metastasis  by  the  lymph-vessels 
the  affected  lymph-vessels  (Fig.  244,  a)  are  first  filled  with  cells,  which 
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develop  from  the  transported  tumor-cells.  Later  there  follow  a  pro- 
liferation and  new-formation  of  blood-vessels  on  the  part  of  the  neigh- 
boring tissue,  and  as  a  result  of  these  processes  there  develop  lai^r  or 


Tia.  844.— PerlglandHlsr  lirmph-vsiiiel  (In  the  axlllBTT  re(flon>  Oiled  wim  canrer-pelbi  vlilnff  rrom« 
primary  carcfnomH  i)[  Ut«  iniiumBry  RUnd  (HOIIer's  Duiil.  Iia^inuuxylln).  a,  Cuiwr'CHtIs;  h.  uall  ot 
l!-mpli-»«H'l.    >.  3<W. 

smaller  nodules.  It  also  not  infrequently  happens  that  the  Igmph-vesseU 
are  more  unifoi-mly  dittemled  by  the  growth  (Fig,  244,  a),  without  any  real 
formation  of  nodules,  or  at  leiist  only  small  swellings  develop  along  the 
course  of  the  lymph -vessels.     lathe  event  of  metastasis  into  Irpnpkglanda 


P\a.  215.— tietutatin  developDient  ot  caowr  In  the  branches  oT  tbe  portal  rein  and  llTer-capllluIr* 
iMDlli-r>  fluid.  bKinatnxTlIn,  and  emln).   a,  Llv«r  liMue  \  b,  plum  ot  cDncLT-ct'lls  in  tbe  portal  vela  :  c. 

the  latter  become  swollen,  forming  nodulcit  of  smaller  or  larger  size,  in 
which  the  tissue  of  the  lyiuph-glaiid  is  gradually  replaced  by  tumor 
tissne. 

In  the  case  of  metastasis  through  the  blood-vessels  the  first  develop- 
ment of  the  secondary  tnnior  begins  with  tlie  tumor-cells  forming  the  em- 


twins  in  artery,  capillary,  or  vein,  and  nuder  cerbun  conditions  the  ves- 
Bels  (Figs.  245,  b,  c;  246,  b,  c)  may  be  filled  and  greatly  dilated  by  the 
proliferating  tumor-cells.  The  tisane  in  which  the  tamor-emboins 
develops  may  at  first  remain  passive,  and  the  specific  tissue-elements- 
gland-cells  (Pig.  246,  d)  and  mnscle-cells — may  vanish  as  the  resnil  (if 
increasing  atrophy.  Later,  the  blood-vessels  and  connective  tissne  lake 
part  in  the  development  of  the  secondary  tumor. 

In  the  farther  course  of  its  development  the  secondary  nodule  is 
usually  sharply  circnmscribed  from  i(8  surronndiugs  and  grows  by  €i- 
pansion.     It.  however,  not  infrequently  happens  that,  at  least  in  places, 
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the  infiltrative  growth  persists,  and  nnder  certain  conditions  widespread 
diiTuHo  tumors  develop,  particularly  in  the  bone-marrow  and  in  the  liver 
(Fig.  246). 

The  number  of  lymphogenous  and  htematogenous  metastases  vnni's 
greatly  in  different  cases.  At  onetime  the  metastases  maybeeonliNd 
to  one  organ,  at  other  times  they  may  be  scattered  throughout  seveml. 
In  rare  cases  cells  of  the  original  tumor  umy  be  spread  through  aliiix^t 
the  entire  body,  so  that  in  the  most  diverse  organs — glands,  musi'li'>. 
skin,  etc — larger  and  smaller  uoduk'S  may  appear  in  quick  snceessioii. 
This  phenomenon  is  possible  when  tumor-nodules  situated  in  the  luug> 
pleura,  or  bronchial  glands  break  into  a  pulmonary  vein,  or  when  the 
tumor  cells  pass  through  the  lungs. 

If  a  living  bit  of  tnmor  (carcinoma,  sarcoma)  capable  of  forming 
metastases  is  transplanted  from  one  animal  into  the  tissues  of  aiiotlirt 
animal  of  the  tame  specu-s,  it  sometimes  happens  that  it  will  develop  in 
the  second  animal.  There  may  ta,ke  place,  therefore,  a  meta^laag  fnm 
one  animal  to  another.  In  man,  tumor  particles  may  in  a  similar  maimer 
be  tmusplanted  during  operations  from  one  part  of  the  body  to  another 
and  there  contine  to  grow  (implantation  metastasis). 

Side  by  side  with  the  progressive  proliferation  of  tissue  there  verj 
frequently  occur  in  tumors  retrogressive  changes,  particularly  in 
rapidly  growing  and  infiltrating  cellular  tumors,  in  which  fattj"  awl 
mucous  degeneration,  necrobiotic  processes,  and  hsemorrhi^es  may  late 
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place  to  a  marked  degree,  so  that  there  not  infrequently  results  a  total 
destruction  of  the  tumor  tissues.  This  i*apid  disintegration  of  the  tumor  is 
iu  part  due  to  the  fact  that  in  carcinomata  the  epithelial  proliferation  to 
a  very  great  extent  grows  into  the  blood-vessels  and  so  obstructs  them. 
If  the  cells  are  badly  nourished  they  may  undergo  necrosis  and  become 
dissolved  through  the  action  of  proteolytic  ferments.  In  the  case  of 
nodular  tumors  the  destruction  of  the  tumor-cells,  when  followed  by  a 
resorption  of  the  products  of  degeneration,  leads  to  shrinking  and  to  the 
-formation  of  cicatricial  contractions.  Very  often  degeneration-cysts  and 
ulcers  may  be  thus  formed ;  and  particularly  iu  the  case  of  carcinomatous 
tumors  of  the  mucous  membranes  the  parts  of  the  tumor  growing  up 
above  the  surface  very  often  for  the  greater  part  undergo  disintegration. 
In  slowly  growing  tumors  of  liard:  ruuHiuleucy  ejiUgusive  retrugiude 
changes  do  not  usually  occur. 

The  necrosis  and  disintegration  of  the  tissues  of  the  tumor  only  very 
rarely  terminate  in  a  cure.  This  event  is  most  likely  to  hapx>en  when  a 
polypoid  new-growth  becomes  totally  necrotic  (for  example,  as  a  result 
of  twisting  or  tearing  of  its  pedicle)  and  is  thrown  off.  In  the  majority 
of  the  tumors  showing  a  tendency  to  retrogressive  changes  and  disinte- 
gration, while  the  older  portions  are  dying  the  growth  constantly  ad- 
vances at  the  periphery,  so  that  new 
tissues  are  being  progressively  at- 
tacked by  the  tumor. 

If  the  tumor  is  extirpated,  there 
may  result  a  cure  when  all  of  the 
growth  has  been  removed  or  de- 
stroyed. This  is  most  easily  accom- 
plished in  the  case  of  slowly  growing 
and  sharply  circumscribed  tumors 
which  increase  by  expansion.  In  the 
case  of  infiltrating  tumors  it  is  very 
difficult  to  determine  the  boundary 
of  the  tumor-growth,  since  this  may 
often  extend  far  beyond  the  point 
where  any  macroscopic  change  in  the 
tissue  is  apparent.  Consequently,  in 
such  cases  there  takes  place,  sooner 
or  later,  in  the  operation  scar  a  re- 
currence (Fig.  247,  a)  which  arises 
from  portions  of  the  tumor  remaining 
in.  the  tissues.  Such  recurrences  be- 
have exactly  like  the  primary  tumor, 
and  may  also  form  metastases  (Fig. 
247,  c).  In  those  cases  in  which  re- 
currence in  the  scar  following  op- 
eration is  long  delayed,  it  is  possible 
that  this  circumstance  depends  upon 
the  fact  that  in  the  affected  area  the 
conditions  favoring-  tumor  development 
again  occur. 

According  to  their   clinical  and 
anatomical     characteristics     tumors 
may  be  classed  as  l>enign  and  malignant.     As  benign  tumors  are  gener- 
ally regarded  those   which  grow  slowly  and  by  expansion  and  do  not  form 
metastases ;  as  malignant^  those  which  show  a  complete  emancipation  from  the 


Fig.  247.— Recurrent  flarcoma  In  tbe  amputa- 
tion-stump of  the  femur.  <l,  Fungoid  tumor 
arlBinf?  frum  tbe  bone-marrow;  ^,  periosteal 
nodules ;  c,  metastasis.    One-balf  natural  size. 
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nomud  laws  of  proliferation,  grow  quickly  and  by  inJiUratian,  easily  underffo 
degenerative  changes  andfomi  metastases. 

The  malignant  tumors,  on  the  whole,  coincide  with  those  tumor 
forms  which  are  known  as  carcinoma  and  sarcoma.  It  mast,  however. 
1)e  borne  in  mind  that  the  malignancy  of  a  tumor  depends  not  only  upon 
its  character,  but  also  upon  its  location.  A  benign  tumor  takes  on  a 
malignant  character  as  soon  as  its  presence  interferes  with  the  functions 
of  vital  organs.  Hence  every  tumor  of  the  brain  or  meninges  becomes  a 
dangerous  affection  at  the  moment  when  it  gives  rise  to  disturbances  of 
the  cerebral  functions.  Under  certain  conditions  such  benign  tumors  as 
libromata  of  the  uterus  become  destructive  growths  as  soon  as  they  reach 
such  a  size  as  to  displace  and  compress  the  neighboring  organs. 

After  a  tumor  hsis  existed  for  a  certain  period  there  results  very 
frequently  a  marked  lowering  of  the  general  nutrition,  a  marasmas 
which  is  usually  designated  tumor-cachexia.  This  occurs  chiefly  in 
association  with  the  malignant  growths  known  as  cancer  and  sarcoma; 
and  may  depend,  in  part  at  least,  upon  the  great  demands  made  upon  the 
food  supply  by  the  rapid  growth  of  the  tumor,  particularly  in  the  case 
of  formation  of  metastases.  A  still  more  important  cause  may  lie  in  the 
fact  that  the  tumor  may  interfere  with  the  taking-in  of  food.  In  cancer 
of  the  opsophagus,  stomach,  and  intestine  the  fimction  of  the  affected 
oi'gan  is  greatly  interfered  with,  and  the  assimilation  of  food  may  be 
entirely  prevented  or  nearly  so.  Further,  it  should  be  borne  in  mind 
that  thi'Ough  the  degeneration  of  the  tiunor  and  the  continuous  secretiou 
fi*om  the  Insulting  ulcers  large  amounts  of  albuminous  material  may 
often  1)0  lost  from  the  body;  and  that  through  putrid  decomposition 
there  may  arise  substances  which,  when  absorbed,  may  act  injuriously 
upon  the  organism.  Finally,  the  pain  which  is  often  felt  iu  a  tumor 
may  rob  the  patient  of  his  sleep.  Whether  the  tumor  itself,  in  certain 
eases,  produces  substances  harmful  to  the  organism  is  yet  unknown,  but 
is,  however,  not  improbable. 

Melastases  occasionAlly  occur  with  benlga  tuners,  chondromata,  myomata, 
and  adenomata.  Of  these,  the  metastases  in  the  bones  of  thyroid  tumors  are  of  specif 
importance;  they  occur  when  no  carcinomatous  proliferation  can  be  demonstrated  in 
the  thvroid,  so  that  it  would  seem  probable  that  under  certain  conditions  o'en  the 
ceU8  of  a  normal  or  hypertrophic  tissue  may  be  transported  into  the  bone-marrow  and 
there  proliferate. 
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II.  The  Different  Forms  of  Tumors. 


(a)  Fibroma. 
1  102.   A  fibroma  is  a  hiinor  composed  oijibrotta  contwctice  iUaiie,     It 
s  most  frequently  iii  the  form  of  nodules,  which  are  sharply  circum- 
scribed  from  the  siirroutKling  tis- 
eaes,  andnsnallyinTolvebiitapor- 
tion  of  the  aifected  organ.     Very 
«  rarelyaiientireorgaii  (ovary)  may 

become   obaiiged    into    a    siuftl© 
tiimor-masH.      On  a  fi-ee  epithe- 
lial surface  and  on  iniicuus  meni- 
2  bmncs  a  fibroma  may  appear  iu 

the  form  of  a  papiUoma  or  a  polyp. 
According  to  the  character  of 
the  connective  tissue  of  which  it 
is  corapased,  the  consistency  of  a 
yio.  3«.-H»rf  obrnns  (Pom  kibe  of  tbe  ear  (•Joo-     flbroma  may  Vary  greatly.     Of  t«n 
vet^«H:tioD<>[huiuiin>ornbns.   X  «»).  it  18  hard  and  touffk,  creaking  un- 

der the  knii'o(^«ntoM!),  and  show- 
ing on  it»  cnt  surface  a  white,  tendon-like,  shining  tissue;  but  In  other 
cases  the  growth  may  be  soft,  flaccid,  the  cut  surface  being  more  uni- 
formly    grayish  -  white 
and   somewliat   transln- 
(«nt.    In  still  other  cases 
the   individual    tttrauds 
of  connective  tissue  are 
indeed  white  and  shin- 
ing, bnt  the  tumor  as  a 
whole  has  a  looser  struc- 
ture and  is  correspond- 
ingly flaccid. 

Between  the  hard 
and  soft  growths  there 
exist  all  possible  transi- 
tion-forms, and  even  in 

one      tumor      different  r,o.  aB.-Becllon  ot  an  >Hlei>iii(oiu  our,™  ol  the  utenui  (oenila 

parts    may    possess    dif-       yW.  gUcerinl,    o.ClnwlTjmB^abrra:  h.ainw  prapwl  •mm  to 
C  .       ,  ...  -  fluid:  e,  qilmHe-ebaped  cellii  d,  avollen  nwnd  ceilB;  c,  blood- 

ferent  characteristics,      vewei.   xsoo. 
Under    the    microscope 

the  hard  kinds  appear  to  be  composed  chiefly  of  thick  bundles  of  coarse 
fibres  (Fig.  248,  a,  6),  in  which  lie  scattered  a  larger  or  smaller  number 
of  cells.     In  the  softer  forma  the  bundles  of  fibres  are  more  delicate 
25 


(Fig.  219,  a).  If  as  n  I'esult  of  venous  cougestion  or  other  cause  a  clear 
fluid  collects  between  the  fibrillfe,  there  is  formed  an  mdemaUnu  fbroma, 
whose  bundles  of  fibres  (Fig.  249,  b')  are  pressed  apart  by  tbe  fluid,  the 
tissue  becoming;  softer  and  more  moist  aud  translucent,  and  finally 
resembling  the  tissue  of  the  umbilical  cord. 

The  mj'tformt  of  fibroma,  which  present  a  partly  translucent,  gmyi^- 
wbite  cut  surface,  are  usually  very  rich  in  cells ;  so  that  it  is  possible 
by  teasing  to  isolate  numerous  slender  spiudle-shaped  cells  (nuclei  with 
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tails).  The  intercellular  substance  is  correspondingly  less  in  amount, 
the  tibrillie  uiof«  delicate  and  arranged  iu  finer  bundles.  Sections 
through  such  fibromata,  wheu  stained,  appear  very  rich  in  nuclei  (Fig, 
2.->0,  b). 

Fibromata  develop  from  proliferating  connective-tissue  cells,  and  it 
is  usually  possible  to  fiud  iu  the  tumor  certain  areas  which  are  richer  in 
cells  than  the  maiu  mass  of  the  tumor  tissue,  and  in  which  the  cells 
appear  not  only  as  small  spiudle  cells,  but  also  in  part  as  round  cells,  or 
as  sboi't,  thick  spindles,  or  even  as  stellate  cells.  The  transfurmatiou  of 
the  newly  formed  cellular  tissue  iuto  connective  tissue  takes  place  iu  the 
same  way  as  that  described  uuder  Hyperplasia  of  Connective  Tissue.  A 
uew- formation  of  elastic  fibres  is  usually  wanting,  but  at  times  such  a 
uew-formation  does  occur,  particularly  iu  the  neighborhood  of  the  blood- 
vessels. 

Fibromata  may  appear  in  any  part  of  the  body  which  contains  any 
form  whatsoever  of  conuective  tissue.  They  occur  most  frequently,  for 
example,  iu  the  nerves,  skin,  periosteum,  fascia,  nuunmse.  and  mocoa? 
membruue  of  the  nose;  more  rarely  in  the  ovary,  intestinal  tract,  etc. 
In  the  mamuiaiy  gland  the  development  of  the  fibroma  takes  place  par- 
ticularly around  the  canaliculi  (Fig.  250,  b),  so  that  the  latter  come  to 
bo  surrounded  by  connective  tissue  rich  in  cells. 

Fibromata  do  not  form  metastases,  but  often  occur  as  multiple  tamors 
esptMiialty  in  the  uervesand  skin  (.see  Neurofibroma,  §  III ).     Moreover, 
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it  is  nofc  uncommon  to  see  within  a  tmnor  several  centres  of  growth — that 
is,  the  mass  of  the  tumor  is  made  up  of  several  nodules  or  bands  held 
together  by  ordinary  connective  tissue  (Fig.  250,  b).  Fibromata  are 
malignant  only  through  their  size  and  position. 

Fibromata  may  undergo  mucous  or  fatty  degeneration  or  may  soften 
and  disintegrate,  so  that  cavities  may  be  formed  within  them.  They 
may  also  break  through  and  give  rise  to  ulcers.  Their  blood-supply 
varies  greatly,  at  times  being  scanty,  at  other  times  abundant.  Occasion- 
ally the  blood-vessels  are  ectatic,  so  that  the  tissue  is  interspersed  with 
wide  channels  and  clefts,  from  which  blood  escapes  when  the  tumor  is 
examined  in  a  fresh  state.  In  other  cases  dilated  lymph-channels  are 
seen. 

Keloid  is  the  designation  applied  to  a  hard,  nodular,  or  flat  and 
banded,  or  stellate  growth  of  the  skin,  which  in  its  fully  developed  state 
consists  of  dense  fibrous  tissue  without  elastic  fibres.  The  direction  of 
the  fibres  is  often  at  right  angles  to  the  surface  of  the  skin,  or  at  least 
does  not  accord  with  that  of  the  normal  fibres.  It  usually  develops  after 
injuries  or  inflammations  {cicatrix-keloid),  but  it  may  also  appear  without 
such  association  (sponiarieous  keloid).  The  cause  of  the  keloid  growth  is 
not  known ;  the  tendency  to  recurrence  after  removal,  the  multiple  oc- 
currence, and  the  fact  that  many  cases  frequently  occur  in  the  same 
family  (Hutchinson)  speak  in  favor  of  a  special  predisposition  on  the 
part  of  the  skin. 
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See  also  §  112. 

{h)  Myxoma, 

§  103.  A  myxoma  is  a  tumor  which  consists  essentially  of  mucovs 
tissue,  and  is  made  up  of  cells  and  a  fluid  or  gelatinous  intercellular  sub- 
stance containing  mucin.  The  cells  of  the  tumor  are  for  the  greater  part 
polymorphous,  with  processes  of  varying  length  (Fig.  251)  which  anas- 
tomose with  one  another  (Fig.  252,  a).  The  tissue  is  markedly  trans- 
hicent,  soft,  and  the  blood-vessels  are  easily  seen  through  it.  From  the 
cut  surface  gelatinous  masses  or  a  stringy  fluid,  which  swell  up  in  water, 
may  be  obtained. 

No  tumor  is  ever  wholly  made  up  of  myxomatous  tissue ;  the  latter 
is  usually  combined  with  other  forms  of  tissue,  particularly  with  fibrous 
connective  tissue,  fat  tissue,  cartilage,  and  sarcomatous  tissue.  For  this 
reason  snch  tumors  are  properly  designated  fibromyxoma,  lipomyxoma 
(Fig.  254),  chondromyxoma  (Fig.  257,  c),  and  myxosarcoma  (Fig.  252). 


Mucous  tissue  may  develop  from  fibrons  connective  tiaeue  through 
the  collection  of  a  mucin -coutaiuiug  fluid  between  the  fibrillffl  and  the 
gradual  disapi^earance  of  the 
latter.  Adipose  tissue  may 
pass  over  into  myxomatous  tis- 
sue through  the  disappearance 
of  fat  from  the  fat -cells  and  the 
appearance  of  a  mucin -contain- 
ing gelatinous  substauce  Iw- 
tween  the  cells,  during  which 
process  the  fat-drops  become 
broken  up  into  swollen  droplets 
(Fig.  2.J4,  b,  c),  while  the  cells 
themselves  become  smaller  and 
star-shaped  (d).  Cartilage  may 
also  become  transformed  into 
mucous  tissue  through  a  mucx>id 
degeneration  of  the  basement- 
Bat>stance  and  a  change  of  form 
of  the  cells  (Fig.  257.  e,  d). 
Myxosurcomata  (Fig.  252)  arise 
either  through  a  local  increased 
activity  of  cell -proliferation  in 
myxomata  or  through  a  collec- 
tion of  mucoid  sut>stance  be- 
tween the  sarcoma  cells. 

Myxomata,  mysoflbromata,  and  myxolipomata  develop  most  fre- 
qnently  in  (he  connective  tissue  of  the  periosteum,  skin,  heart,  fawia. 
and  sheaths  of  the  muscles,  as  well  as  iu  the  fat  tissue  of  the  subciila- 
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neons  and  subserous  tissues  and  of  the  eodostenm.  MyxochondromaW 
occur  particularly  in  the  parotid,  and  constitute  the  most  common  fonn 
of  tumor  found  Uiere. 


These  forms  are  all  benign  tumors,  which  rarely  produce  metastases. 
Myxosarcoraata,  on  the  other  hand,  have  the  characteristics  of  sarcomata 
and  may  form  n 
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(c)  Lipoma. 

§  104.  A  lipoma  is  a  tnmor  consisting  of  adipose  tissue  (Fig.  253). 
Th^se  tumors  are  sometimes  soft,  almost  fluctuating,  sometimes  firm, 
nsnally  nodular  and  lobulated,  and  very  ofteu  attain  a  very  jtreat  size. 
In  stractore  they  are  very  similar  to  the  subcutaneous  adipose  tissue — 
that  is,  they  consist  of  fat-lobules  held  together  by  thick  or  narrow 
oouneetive-tissne  trabecolie. 

Histologically,  the  tissue  of  a  lipoma  resembles  the  fat-lobules  of 
the  subcutaneous  panniculns  (Fig.  25;*),  although  the  tendency  to  form 
typical  grape -like  clusters  of  fat-cells  is  wanting.  If,  as  not  infrequently 
happens,  mucous  tissue  is  also 
formed  in  connection  with  the 
fat  tissue,  or  if  the  latter,  fol- 
lowing a  disappearance  of  its 
fat,  becomes  changed  into  myxo- 
matous tissue,  the  tumor  is  des- 
ignated a  lipomyxoma  (Fig. 
254);  if  there  Is  an  abundance 
of  fibrous  tissue  present,  it  is 
called  a  lipofibroma  or  flbroll- 
poma. 

Lipomata  develop  most;  com- 
monly from  adipose  tissue,  but 
may  arise  also   from   connective 
tissue  which  normally  contains  no 
fat.     Calcification,  necrosis,  gan- 
Pi«.)!aa-Ui»m.ofriH,uid«r««i<».witt,rei..ivPiv     grene,  and  sloughing  are  of  not 
■null  fai-ceii*  (Moiier'B  fluid.  iiffiinaioiyiiD).  X  wju,     infre<|uent  occurrence  in  lipomata 
of  large  size.     These  tumors  do 
not  produce  metasta.ses,  but  are  occasionally  of  mnltiple  occurrence.     A 
complete  disappearance  of  a  lipoma  does  not  take  place  iu  the  case  of 
extreme  general  emaciation  of  the  individual, 

Lipomata  are  sometimes  observed  even  in  new-born  children — for 


exHiuple,  08  tumors  developing  in  or  over  the  cleft-fonnations  of  Bpii» 
bifida— but  tliey  occur  much  more  frequently  in  later  yeare.  Tbemc* 
oommou  seats  of  these  growths  are  the  subcutaueous  tissues  of  the  back, 


OMUCcUinl-naeL    xaU 

buttocks,  neck,  axilla,  abdomen,  and  thigh ;  but  they  are  found  abo  in 
the  intermuscular  oonuecti\'e  tissue,  subseroos  fat  tissue,  in  the  lddne.re, 
intestine,  mammary  gtand,  nnder  the  aponeurosis  of  the  forehead,  in 
the  meninges,  skin,  fingers,  lymph-glands,  joints,  etc.  They  may  occnr 
as  multiple  growths,  and  in  such  cases  may  be  symmetrically  distribnleJ- 
In  mau  thei-e  may  occur  a  formation  of  fat  tissue  about  the  neck  and 
throat,  leading  to  nodular  and  lobulated  disfi^rnrations  of  the  skin  of  this 
region,  and  giving  occasion  for  the  designation /otfjr  ^^o^Iar  (KadeloD?'- 
The  development  of  fat  in  these  eases  tak«s  place  partly  in  the  snbruti- 
neoua  tissue,  partly  iu  and  nnder  the  fascia  and  between  the  mnsclf*- 
An  abnormal  development  of  fat  in  an  extremity  may  give  rise  to  t 
iMoiditiou  of  Hpwnaltma  flephaiUia»a.  Should  the  process  extend  to  tb« 
tronk  and  upper  extremities,  etc.,  conditions  are  estabUdied  which  re- 
semble very  closely  general  obesity. 
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(d)  Chondroma. 

§  105.  A  chondroma  or  enchondroma  is  a  tumor  consisting  essen- 
tially of  cariUage.     The  amount  of  connective  tissue  taking  part  in  the 
structure  of  the  tumor,  in  part 
covering  its  surface  or  accom- 
panying the  blood-vessels  into 
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Fig.  2S5.— Periosteal  cbODdroma  of  a  digital  ptaalanz,  seen  In  longltadlnal  aectlon.    a.  Chondroma ;  b, 
pbalazuL    Natural  size. 

Fig.  286w— Section  from  a  cbondroma  of  tbe  ribs  (haematoxylln,  carmine),    a.  Curtilage  rich  In  small 
cells ;  b,  cartilage  rich  In  large  cells.    X  80. 

its  interior,  is  so  slight  as  to  fall  completely  into  the  background  when 
compared  with  the  cartilage. 

Ghondromata  develop  chiefly  in  those  places  where  cartilage  is 
found  normally — that  is,  in  the  osseous  system  or  in  the  cartilages  of 
tbe  respiratory  tract;  but  they  also  occur  in  tissues  which  normally 
possess  no  cartilage — for  example,  in  the  salivary  glands,  particularly  in 
tbe  parotid,  and  in  the  testicles,  and  more  rarely  in  other  organs.  In 
tbe  bones  they  develop  from  remains  of  cartilage  which  persist  after  ossi- 
fication, in  the  case  of  bones  developing  from  cartilage ;  but  more  often 
take  their  origin  from  the  periosteum  and  endosteum  (Fig.  255).  They 
form  tumors  which  vary  greatly  in  size.  The  small  ones  are  usu- 
ally spherical  (Fig.  255) ;  the  larger  ones  nodular  or  lobulated.  The 
individual  nodules  are  often  separated  from  one  another  by  connective  tis- 
sue. Not  infrequently  they  are  multiple,  particularly  in  the  skeleton, 
and  here  again  of  most  frequent  occurrence  in  the  hands  and  feet  and 
also  in  the  testicles. 

The  tissue  of  an  enchondroma  presents  most  often  the  characteristics 
of  hyaline  cartilage  (Fig.  256),  more  rarely  that  of  reticular  or  fibrous 
cartilage.  At  the  periphery  of  the  tumor  the  cartilage  passes  over  into 
connective  tissue,  which  forms  a  kind  of  perichondrium. 

The  number,  size,  form,  and  grouping  of  the  cartilage  cells  vary 
l^^atly  in  different  cases  and  also  in  different  parts  of  the  same  tumor. 
Many  enchondromata  are  very  cellular  (Fig.  256),  others  poor  in  cells, 
many  contain  large  cells,  others  small  cells,  or  both  large  and  small  cells. 
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The  cells  are  sometimes  sarrounded  by  the  so-called  capsule,  at  other 
times  act;  sometimes  tbey  lie  in  groups  inside  of  the  mother-capsule,  at 
other  times  they  are  more 

regularly  distributed.     All  _  ,,...0  -^   -- 

the  varieties  of    cartilage  ',         *        "       ■'■  V'j^^f  ^ 

occurring  normally  In  the  *i    •    .  '^^     '-  i' v^lP  "    ''■ 

oi^nism  are  found  in  en-  ,         *  *<;-,.  f'^-  F_-. ,; 

cboudromata.  Accord- 
ingly  the  cells  vary  iu 
form,  tlie  majority  low- 
ing the  funiitiar  spherical 
form,  but  spindle  and  stel- 
late cells  are  not  rare, 
particularly  in  the  neigh- 
borhood of  the  connective- 
tissue  bands  which  divide  ^  ^^ 
the  tumor  into  nodules  or  *-ii^'^/'^' 
snrround    it    as    a  whole.        /^j^'j/i^z  ; 

Cartilage,    the    perichon-  •^yf'^''  *    "!      ■^.  p: 

dri'im,  endosteum,  perioe-  "^  *' "' .      -^  *'f  ,  ' 

tenm,  and  different  forms  *     "    &,    *     "    «    S- ' .  "■       '  ; 

of   connective  tissue  umy 

form  thfi  mntriTfif  pndimi-  Fio.  HI.  — ChondromTiomiwiini p«n>tldta  (»lcol»l wnnlnt i. 

lurm  ine  matrix 01  encnou-  ^  csitnije;  h.  wroomiuim  Uuue:  c.msiamUoiaOiia'-.i 
drOmata.  TllOSe  arising  cutDMreln  prorvm  or  Hquelartlnn  mDd  betDg  conrened  im 
from  cartilage  or  bone  ai*     "^'^  '"  "'^'"™"  ™  ""*■ 

known  as  ecchondroites. 

The  tissue  of  enchondromata  very  frequently  suffers  retrogressive  niela- 
morphosea.  The  ground-substance  in  large  tamors  shows  a  tendency  to 
uudei^o  iu  areas  a  mucoid  degeneration  and  liquefaction.     This  may  lead 
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eitherto  the  formation  oimueouttifunte  (Fig.  257,  c),  tliiia  giving  rise  to  a 
chondrmnyjrama  ;  or  to  a  total  liquefaction  of  the  Rroiind-suhatance  with 
destruction  of  the  cells,  thus  forming  deffeneraiion-cyttg  contaiuiug  fluid. 


ilrnhnl.  plrrlc  atld.  MematniTlln.  lamilne).    a,  Ilnllne  car- 
MJinlng  cunveneil  low  bono;  li,  bioixl-ve«8el.    xiSO. 

In  other  cases  the  cartilage  may  become  calcified  (Fig.  258,  b,  c),  or 
true  bone  may  be  formed  (Fig  259,  c,  6),  so  that  the  tumor  must  be 
termed  an  osteochondroma.  Through  a  marked  proliferation  of  the 
cailil:^e  cells  garcomatoua  tissue  may  be  developed,  the  tumor  becom- 
iug  changed  to  a  chondrosarcoma  (Fig.  257,  b). 

The  enchondromata  are,  on  the  'whole,  benign  tumors,  although 
metastases  may  occur  following  a  rupture  into  a  lymph-  or  blood-vessel. 

In  tho  regioD  of  the  spliirna- occipital  Eutiirc,  in  the  medLin  tine  of  tlic  clivus,  there 
is  not  infreauently  foumi  aBinall  luimirwliichliftH  been  deaignaled  ecchoDdrosU  phy- 
■alHera  aphenoocclpltalls  (  Virefum).  It  cillicr  liea  bL'neath  tbo  iluni.  or  at  its  high- 
t-sc  point  breaks  through  Uiis  membrane  and  penetrates  into  tlic  arachnoid  and  pia.  In 
its  typical  form  the  tumor  consists  of  bladder-like  crIIs.  resembling  plant-cellH;  and 
takes  its  origin  partly  from  the  bone-marrow,  partly  from  the  surface  of  tho  txine. 
('arlilaee  and  bono  tissue  may  be  associated  with  tlie  peculiar  tumor  tiaaue,  and  for  this 
reaaoav irefuno  regarded  the  growth  aB  &  cliondroma  arising  from  remains  of  the 
spbeoo-occipiial  cartilage  and  character! /cd  by  a  peculiar  vacuolar  degeneration  of  tlio 
cells.  The  peculiar  character  of  the  tissue,  however,  favoiB  the  view  advanced  by  //. 
XulUr,  and  recently  supported  by  Jiibbert,  tliaC  the  growth  is  a  product  of  a  prolifets- 
tive  activity  of  remains  of  tiie  chorda  (efcntwui).  It  la  probable  that  It  is  only  a  pe- 
culiar clioudronia  developing  from  tlio  endosteum  or  periosteum. 
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(e)  Osteoma. 

g  106.  The  term  osteoma  IB  applied  to  tamorSTrbichcoDfiistofosirow 
tisaue.  Buch  growtha  arise  chiefly  from  the  Iwues  of  the  skeleton  (Figs. 
260-262),  but  may  develop  elsewhere. 

The  new -growths  of  boue  arising  in  connection  with  the  skeleton  bare 
been  variously  designated  according  to  their  location  and  relations.    A 
Bmall  circnmscribed  new -growth  of  bone  attached  to  old  bone  is  calltd 
an  osteophyte;  when  of  a  larger  size  and  more  tuinor-like,  an  eJXMfnn*- 
Circnmscribed  formations  of  boue  inside  of  bones  are  known  as  nofloiet. 
Kew-growths  of  bone  not  attached  to  old  bone  are  classed  as  follows: 
movable  periosteal  exostoses,  which  have  their  seat  in  the  periosteum  bat 
are   separated   from   the 
bone;  parosleal  ost^omata, 
lying  near  the  bone ;  dis- 
connected osteomata,  which 
are  situated  some  distance 
from    the    bone,    in    the 
muscles      and     tendons; 
and,   finally,    heteropla^ie 
o^eimaia,  which  occur  in 
other  organs,  as,  for  ex- 
ample, in  the  lungs,  mu- 
cous   membrane    of    the 
trachea,  ia  the  skiu,  arte- 
ries, mamma,  etc. 

Excrescences  on  the 
teeth,  consisting  of  ce- 
ment- substance,   are 

known     as     denial     OSteo-       riO-SKK-Uarj-iaeeioatMlaaltbev^iUMlbB^   KUai»l<l» 
mata ;  those  consisting  of 
dentine,  as  odontomaia. 

According  to  their  strnctnre,  osteomata  may  t>e  divided  into  harfM 
ehumeovs  ostromafa  (onteomn  durum  or  ebumeum')  (Figs.  260  iiud  lil^^)' 
and  softer  sponffn  forms  (oaieoma  spongiosum,  or  meduUare)  (Figs.  261  and 
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263).  The  former  consist  of  fimi,  compact  tissue  like  that  of  the 
cortical  portion  of  the  long  bones,  and  possess  very  narrow  nutiieut 
cannls  (Fig.  2*i2,  a) ;  the  latter  are  made  up  of  narrow,  delicate  bouy 
trabecule  and  wide  medallary  spaces  (Fig.  263),  and  resemble  spongy- 
bone  ill  structure. 

The  surface  is  sometimes  regular  and  smooth,  so  that  the  whole  tumor 
presents  the  form  of  a  cone  (Fig.  260),  or  of  a  sphere,  or  a  pedunculated 
button;  or  it  may  be  irregular,   rough,  and  nodular,  without  definite 
resemblance  to  any  given  form  (Pig.  261).     The  first  variety  occurs  par- 
ticularly in  the  ebumeous  forms,  which  are  found  most  frequently  as 
exostoses  upon  the  skull  (Figs. 
260  and  262) ;  the  latter  in  the 
spongy  exostoses  and  the  dii- 
connected     and     heteroplastic 
osteomata,  such  as  are  found, 
for  example,  in  the  falx  of  the 
dura  mater  (Fig.  263). 

Osteomata     may  occur    as 
Mitgle   or   mvitiple   tumors,   the 
latter  mode  of  occurrence  being 
relatively  common.    The  ivory- 
like exostoses  of  the  craninm 
and  the  osteomata  of  the  dura 
mater  are  very  frequently  of 
eturence,  and  circumscribed  bony 
:en  appear  in   great  numbers  ou 
f  the  extremities  and  trunk.     In 
the  epiphyseal  ends  of  the  bones 
)ints  of   insertion   of  tendons,  or 
:  same  time,  are  the  favorite  seats 
ment.     It  is  probable  that  such 
e  to  be  referred  to  an  inherited 
on  of   the  part  affected  to  over- 
x>  disturbances  in  the  development 
eton.     At  times  a  hereditary  fac- 
demonstrated.     The  bony   plates 
;s,  which  in  rare  cases  develop  In 
—    ^     .  ■      -.._.„     the  lung  or  iu  the  mucous  membrane  of  the 
oiiiie  nwier  dispB j»ii or  uieubta.     air- passages,  may  alsooccur  in  large  numbers. 
R«mee<i.boutonMiaif.  ,j,^^  development  of  the  bone  takes  place 

partly  through  the  formation  of  osteoblasts, 
as  described  iu  g  83,  and  partly  through  mctapliisia  of  formed  tissues 
(g  88).  The  matrix  is  formed  chiefly  from  the  connective  tissue  of  the 
periostenm,  as  well  as  that  of  the  tissue  from  which  the  osteoma  arises; 
and  also  from  that  of  the  perichondrium  and  endosteum.  If  an  exostosis 
develops  in  such  a  manner  that  cartilage  is  first  formed  from  the  prolif- 
erating periosteum  or  bone-marrow,  and  from  this  cartilage  bone  is  later 
developed,  it  is  called  a  cartUa^nous exostosis  (Fig.  261) ;  when  the  exos- 
tosis is  formed  directly  from  the  proliferating  periosteum  without  an  in- 
termediate stage  of  cartilage,  it  is  known  as  a  conneclive-tUsue  exostosis 
(Figs.  260,  262,  and  263). 

The  combination  of  counective  tissue  and  bone  in  a  tumor,  in  such  a 
manner  that  the  connective  tissue  represents  a  chief  constituent  of  the 
growth  and  does  not  simply  represent  the  periosteum  and  bone-marrow 


of  the  bODe,  ^ves  rise  to  an  osteofibroma.     This  is  a  verjr  comfflon 
tumor  of  the  osseous  system.     The  abundant  production  of  boneiai 


chondroma  leads  to  the  formatiou  of  an  osteochondroma  (Figs.  253  and 
264);  these  tumors  are  likewise  usually  found  in  the  long  boues-    The 


D.  an.— OateoBi*  ol  tbe  dun  uMer  (alcobol,  picric  acid,  btenuloxjlla.  nnnlne).   X  A 
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new-growth  may  develop  in  the  peri(ffiteum  (Fig.  264,  c)  or  in  the 
endosteum  (a,  6).  An  abnndant  formation  of  bony  ti-abeciila*  (/,  A,  A) 
in  the  cartilage  (e,  g,  i)  gives  to  the  liasiie  a  finii,  liard  consistence. 

Many  of  the  new-growths  of  bone  which  come  under  observation  are 
not  tumors  in  the  strict  sense  of  the  term,  bnt  are  niul  formations  of  the 
skeleton  or  hyperplasias  resolting  from  excessive  growth  or  from  inflam- 
matory processes. 
This  is  trne  particu- 
larly of  many  osteo- 
phytes and  exostoses, 
and  also  in  part  of 
the  parostosesandthe 
disconnected  os t eo - 
mata  (bone  forma- 
tions in  lymph-glands 
and  lungs).  The 
bony  plates  not  in- 
frequently found  in 
the  fatx  of  the  dnra, 
and  vhioh  have  a  nor- 
mal bone -marrow 
(Fig.  263),  are  to  be 
regarded  as  misplaced 
portions  of  the  skele- 
ton. The  formations 
of  bone  known  as 
rider' a  bone  and  drilJ- 
bone,  which  are  found 
ill  the  adductors  of 
the  thigh  and  in  the 
deltoid  muscle,  as  the 
result  of  riding  and 
the  repeated  shoul- 
dering of  arms,  are 
to  be  regarded  as  tu- 
mors, which  develop 
from  a  congenital  anlage,  in  that  the  connective  tissne  of  the  muscle 
shows  characteristics  which  ordinarily  belong  only  to  the  periosteum 
and  bone-marrow.  The  so-called  myomtis  osdfican^—a  peculiar  disease 
of  the  muscles,  characterized  by  a  progressive  ossification  of  their  con- 
nective tissne  during  childhood — is  to  be  similarly  interpreted. 
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(/)  irwmanffi&nui  and  I/ymphangioraa. 

§  107.  Under  the  t«rm  angioma  are  grouped  those  tumor-like  foma- 
tions  in  the  structure  of  which  blood-veaaeU  or  lifmph-voaets  conMitiite  tu^  a» 
important  part  aa  to  determine  the  character  of  the  tumor. 

Vascular  tumors  arising  from  blood-vessets  are  called  tuemansioinata, 
or  angiomata  in  the  restricted  sense  of  the  term;  those  arising  from 
lymph-vessels  are  designated  lymphansiomata.  Such  tumors  for  the 
greater  part  represent  formations  which  may  be  regarded  as  malforma- 
tivns  of  a  more  or  less  extensive  vascular  area.  Of  the  hseman^omata 
there  may  be  distinguistied  four  chief  varieties:  h(Fmanffioma  nmpter, 
heaaangimna  cavemomm,  htemanffioma  kypertrophicum,  and  angioma  arteriek 
racemoaum. 

A  htemaiiEloina  simplex  or  teleangiectasia  is  a  tissoe-formation  in 
which,  within  a  ground  tissue  of  normal  occurrence  la  tlie  body,  there  is 
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found  an  fd>fiormal  increase  in  the  number  or  in  the  she  of  the  capiBariet  a»i 
veins,  whose  structure  in  part  is  essentially  changed. 

Bach  formations  occur  most  freqneutly  in  the  skin  and  subcutaneous 
tissue.  They  are  usually  congenital,  but  increase  in  size  after  birtb. 
They  are  designated  vascular  ncvi,  and  are  often  found  in  places 
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where  fet:al  clefts  have  closed  (Jissural  angiomata).  Of  a  tumor  in  the 
ordinary  sense  it  is  often  scarcely  possible  to  speak,  siuce  the  skin  may 
isliow  no  tumor-like  elevatioii.     Ou  the  other  band,  there  occur  extensive 


Tin.  SW.— DIlBicd  oiplUutea  of  >  tclamirlMtatlc  tumor  ol  ibebnin.  baW«d  from  a  partloD  o[  tumor  br 

teleangiectases  of  the  skiu  and  subcutaneous  tissue,  presenting  either  as 
cii-cuinscribed  growths  or  as  flat,  occasionally  nodular  thickenings  of  the 
skin,  which  may  with  propriety  be  termed  tumors.     The  smooth  WBvas 
vngcnloms,  on  the  other  haud,  appears  as  ait  extensive  superficial  substitu- 
tion of  the  skin  by  another  tissue.     The  color  of  the  affected  portion  of 
the  skin  is  either  bright  red  {ntBvttsJlammeus)  or  blui^-red  {nteims  vinoaus). 
The  line  of  demarcation  between  the  normal  and  affected  skin  is  usu- 
ally not  a  sharp  one; 
around  the  edge  and  in 
the    neighborhood    of 
the  chief  area  of  dis- 
coloration   there     are 
'      often  fonnd  little,  cir- 
cumscribed   red    spots 
appearing    as   ontrun- 
ners  of  the  process. 
^    ^  The  red  color  is  due 

Ould.  tiH>tn>b>xrUD;.    a.  EpIdennU;  b,  corium:  cTcaverDoiu  blood-       tO    the     Qliatea    blOOU- 

■pifei  X au.  \e8sels  whicn  are  situ- 

ated either  in  the  cor- 
inm  or  in  the  snbcntaneous  fat  tissue  (Fig.  265,  a) ;  and  cases  occur  in 
which  large  areas  of  the  subcataneous  adipose  tissue  present  a  red  ap- 
pearauce  as  a  result  of  the  pathological  development  of  blood-vessels. 
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More  rarely  tlian  in  the  skin  aud  snbcutaDeotis  tisBaes,  there  occar  sin 
ilar  angiomatain  other  pla^^s;  in  glands  (mamma),  boues,  brain  (Fig. 
266),  and  spinal  cord  and  their  membranes.  Kot  infrequently,  dd  IIk 
other  band,  there  are  found  analogous  vascolar  changes  in  tumors,  as. 
for  example,  in  gliomata  or  sarcomata. 

If  the  vessels,  which  are  usually  abnormally  abundant,  are  isolated, 
it  becomes  evident  that  the  capillariec,  or  also  the  small  veins  {angioma 
simplex  vcnosum},  are  more  or  less  dilated.  These  dilalatious  [Fi|. 
266)  are  either  spindle-shaped  or  cylindrical,  but  may  be  sacnilaror 
splierical,  and  the  different  forms  of  dilatation  may  be  combined  in  the 
greatest  variety  of  ways.     The  dilated  blood-vessels  are  uuiled  with 


ho.  Ktl.— ADgjoma  caremoHim  bepaUa  (MQller>  flald,  bsemitoiTlln,  eolin).    a.  Liver  Usne ;  ti,  u(t 
onifl-    XlOtt. 

each  other  by  capillaries  of  normal  size  or  of  moderately  increased  cali- 
bre. The  walls  of  the  vessels  are  thiu — that  is,  iu  comparison  with  uor- 
mal  capillaries  they  are  but  slightly  thickened. 

A  hiemangioma  cavemosum  or  tumor  cacemosKS  is  a  votakr 
tumor  congi^ing  cssentiaUy  of  a  cavernous  spoTtg;/  tissne,  whose  Btnicture 
suggests  that  of  the  corpus  cavemosum  or  spongiosum  of  the  penis  (Fi?*. 
267  and  268).  Through  the  filling  of  the  spaces  with  blood  these  tiunon 
present  a  bluish-red  or  dark  red  iolor. 

The  cavernous  angioma,  like  Jie  angioma  simplex,  occurs  chiefly  in 
the  skin  (Fig.  267,  c)  and  snbcu  jineous  tissues,  where  during  the  period 
of  development  it  appears  as  a  pathological  formation  of  the  vascular 
system.  At  times  it  forms  only  a  small  bluish-red  spot  {mepus  nuniloo'* 
vinosus);  at  other  times,  a  smooth,  elevated  (Fig.  267),  or  sliglitlj 
nodular  bluish-red  wart  (jubvus  vaaculosm  prominent,  vomica  msCTJow); 
or,  finally,  a  circumscribed  bluish-red  discoloration  or  thickening  of  the 
skin.  In  the  event  of  au  extensive  development  of  cavernous  tissne  in 
the  Bubcutaneous  or  intermuscular  connective  tissue,  there  may  rveult 
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large  tuttuyri  and  elephatUifma-lUce  disfigurations  of  portions  of  the  body 
idephaiUiatna  htBmangiomatosa}. 

Within  tlie  body  the  cavernous  angioma  is  found  most  commuiily 
in  the  liver  (Fig.  268,  a,  b),  but  may  develop  also  in  other  oi^iis: 


I.  VesMlf  rontalDliiK  blood;  Ii, 


kidney,  spleen,  intestine,  bladder,  bones,  muscles,  uterus,  brain,  etc 
lu  the  liver  it  appears  in  the  form  of  dark-red  areas,  varying  in  size 
from  that  of  a  pin-head  to  several  centimetres  in  diameter.  They  take 
the  place  of  the  liver  tissue,  and  are  not  elevated,  or  but  slightly,  above 
the  liver  surface. 

The  width  of  the  blood  spaces  and  the  thickness  of  the  tntbeciilfe 
vary  greatly  in  different  cases ;  the  angioma  may  in  portions  or  through- 
out be  composed  of  fibrous  tissue, 
in  that  more  fibrous  tissue  was  formed 
in  the  beginning,  or  fibrous  prolifera- 
tions have  taken  place  later  as  se- 
qucliB  to  the  tlirombosis.  The  blood 
spaces  are  lined  with  endothelium ;  at 
times  smooth  muscle-fibres  may  be 
demonstrated  in  their  walls,  and  the 
interstitial  tissue  is  often  rich  iu  elas- 
tic fibres  (Briichanow).  The  tumor 
is  usually  sharply  outlined  from  the 
ueigliboiing  structures  by  connective 
tissue.  Usually  no  liver  cells  are 
fouiul  in  the  trabecnlie,  but  varieties 
m  ?7a-Anirt™D»  «impi«  hjperirapiii™™  '*'*  <*'"<'"''  *"  whi<"h  the  latter  in  part 
rm»n«tm  «  Bubruuneiim  (aipohoi,  omnine).     enclose  such,  and  iu  which,  further, 

In  iht  mtdilJe  of  tbe  s«Mod  la  Ihe  duct  ot  «.,,,-,  ,  ,.; 

■vabpiaod  cat  imin-ereeiy.   K  HO.  the  blood  Spaces  here  and  there  pass 

over  into  the   liver-capillaries,  such 
a  communication  ordinarily  not  taking  place. 

The  cavernous  angioma  of  the  liver  occurs  in  old  individuals,  and  also 
iu  iufauts  and  children  of  different  ages,  and  not  infrequently  is  of  mul- 
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tiple  occurrence.  It  is  probably  caused  by  a  local  disturbaDce  of  de- 
velopment, which  proceeds  from  tlie  vessels  of  Glisson's  capsule  or  from 
the  iutra-acinous  capillaries;  and  is  characterized  by  an  abnormal  de- 
velopment of  the  blood-vetssels  at  the  expense  of  the  other  tissuet<.  The 
growth  is  slow  and  limited ;  ordinarily  the  liver-cells  in  the  immediate 
neip;hborbood6liowiioaif;nsof  defeneration.  Daring  the  period  of  rapid 
growth  (Bruchanow),  there  may  occasionally  l>e  demonstrated  in  children 
the  i)reseiice  at  the  jwriphery  of  the  growth  of  a  cellular  graimlation  tis- 
sue, ill  which  the  blood-vessels  consist  of  delicate  eudothelial  tubes  hav- 
ing a  narrow  liuueu. 

The  hemangioma  hypertrophlcum,  in  its  most  typirnl  form  (Atrman- 
ffhma  simplex  hypertrt^hirum),  occurs  most  frequently  in  the  skio  aiid 
subcutaneous  tissues,  where  it  forms  circumscribed  nodules  Bimilar  in 
part  to  the  soft,  smooth  warts.  The  pathologically  altered  vessels  may 
lie  in  the  papillie  and  cerium  as  well  as  in  tbe  subcutaneous  tissue,  aud 
either  form  narrow  tubes  tilled  with  blood  {Figs.  269,  n,  and  270),  tl* 


mm  bTiMTlnipblcum  (aDEloeDilaUiellonu)  at  the  akutl- 
nllb  aaueotrd  eDdoUiHllum;  b,  blood-Tenel  vllti  cuMi 


icilmod  fjumrMl 


walls  of  which  are  more  or  less  thickened  and  abnormally  cellular,  or 
else  solid  cords  of  cells  (Fig.  269,  b),  which  are  either  collapsed,  Ihick- 
walled  vessels,  or  possess  no  lumen  whatever. 

In  very  rare  cases  it  happens  that  in  nngiomata,  which  from  the  cali- 
bre of  the  vessels  bear  the  character  of  cavernous  angiomata,  thew  occnrs 
a  hypertrophy  of  the  vessel-walls;  and  this  hypertrophy  is  due  to  tk 
fact  that  the  flat  endothelial  cells  become  chauged  into  cubical  Hsd 
cylindrical  cells  (Fig.  271,  b).  Such  a  tnnior  may  l>e  chL'wed  a&na 
angioma  caveniosum  hypertrophicum,  or  as  a  bloodvemelendothdioma.  m 
kmmangioUie  endothelioma;  tbe  last  terra  being  in  particular  applicable 
when,  as  a  result  of  the  marked  proliferation  and  multiplication  of  tlie 
eudotbeliiim,  there  are  produced  nests  of  lai^e  cells  which  fill  up  tbf 
blood-vessels  (compare  Endothelioma,  §8  114  and  115). 

A  cirsoid  aneurism,  or  angioma  arteriale  racamosum,  or  an^omi 
arteriale  piexlforme  (Fig.  272),  is  a  condition  in  which  the  arteriesol 
an  entire  vascular  area  are  dilated,  tortwyaa,  and  thickened,  so  tbat  there  is 
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fortiif^  a  convolution  of  cnlargf^l  and  thickened  arteries.  To  the  palpsit- 
iug  tiuger  tliey  feel  like  a  bnnch  of  earth  worms.  Many  of  these  angio- 
mata,  whicli  occur  particularly  upon  the  head,  and  which  may  cause 


ero»ion  of  the  cranial  bones,  arine  from  congenital  anlnge ;  others  appear 
to  be  acquired,  and  develop  after  a  trauraatism,  but  it  is  possible  that 
special  couditions  may  have  existed  before  the  trauma. 
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§108.  Angioma  lymphaticum  or  lymphangioma  isa  tumor  com- 
poaed  of  a  tissue  the  greater  part  of  which  is  made  up  of  dilated  Igmph- 
veaad^  The  following  different  formB  may  be  distinguished:  lym^x- 
girnna  nmplex  or  tdeauffiectaaia  lymphalica  (Fig.  273);  lymphangiom 
cawmoram  (Fig.  274);  Igmphangioma  (^gtoides ;  aud  lymphangumia  hyper- 
trophicum.  The  cavities  of  these  tumora  usnaUy  contain  a  clear,  light- 
colored  lymph,  but  more  rarely  it  is  milky  and  contains  lymphocytes, 
moQODOclear  and  polyiiuclear  leucocytes,  and  usually  also  eosinophile 
celts.  The  walls  consist  of  connective -tissue  trabecule  of  varyiog  thick- 
ness and  containing  more  or  less  involnntaty  muscle ;  the  spaces  are  lined 
-with  endothelium. 

In  the  lymphangioma  simplex  (Fig.  27.1)  the  lymph-vessels  of  s 
more  or  leas  extensive  area  are  dilated  aud  their  walls  for  the  greater 
part  are  tbickeued.     In  the  cavernous  lymphanglomata  the  number  of 
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lymph-vessels  is  still  greater,  their  spaces  are  larger,  aud  the  intervpninS 
tissue  is  less  abundant,  sothat,  even  to  the  naked  eye,  the  tissue  prewD'* 
a  spongy  appearance.  Thecystoid  lymphanglomata  contain  cysts  vary- 
ing in  size  from  that  of  a  pea  to  a  walnut.  The  tissue  between  the 
dilated  lymph-vessels  consists,  according  to  the  location  of  the  tumor, 
either  of  connective  tissue  (Fig.  273),  fat  tissue  (Fig.  274,  c),  mnscle,  or 
some  other  tis,sue.  At  times  nodes  of  lympbadenoid  tissue  may  t*  ^°' 
closed  (e),  and  may  present  evidences  of  active  proliferation. 
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LyiupbaDgiomata  are  BometimeB  congenital ;  at  other  times  they  make 
their  first  appesirance  at  a  later  period  of  life. 

The  congenital  forms  occur  particularly  as  dllTereiit  varieties  of 
ectasia  of  lymph -vessels,  and  are  found  chiefly  in  the  tongue  (maero- 
glottia),  palatal  arch,  lijts  (niacrocheUia),  skin  (n€Bvu»  lymphatiaut),  sub- 
cataneous  tissue,  iu  the  neck  [hygroma  coUi  congenitum'),  vuha,  ct«.  The 
lymphangiomata  of  the  akia  spread  over  more  or  le»s  extensive  areas  of 
the  skin,  and  form  either  smooth  or  irregular  elevations  of  the  same.  If 
the  blood-vessels  are  ntunerous  the  growth  may  have  a  red  color.  The 
rupture  of  dilated  lymph-vessels  lying  immediately  beneath  the  epithe- 
lium (Fig.  273,  (/)  may  give  rise  to  a  moist  couditlou  of  the  surface  and 
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eveutoally  to  a  lymphorrhtea.  The  extension  of  the  cavernous  develop- 
ment of  the  lymph-vessels  over  large  areas  of  the  skin  and  subcutaneous 
tisriue  may  give  rise  to  drpJiontia^-like  diafigurationa  of  the  part  affected. 
Xot  infrequently  the  intervening  connecti\'e  tissue  also  takes  part  ia  the 
hypertrophic  growth,  or  there  develojw  a  fibrous  elephantiasis  in  connec- 
tion with  lymphangiectasia. 

In  rare  cases  chyle -containing  growths  (chylangiomata)  are  found  in 
the  intestinal  wall  or  mesentery.  Cyttie  lymphangiomata  are  also  found 
rarely  in  the  peritoneum,  as  pedicled  cysts. 

The  pathological  formations  which  may  be  classed  as  hypertrophic 
lymphangiomata  represent  peculiar  changes  of  the  skin,  which  are 
either  congenital  or  develop  in  early  youth.  They  are  commonly  known 
as  pigmented  moles,  lentigines,  freckles,  and  fleshy  warts. 

The  pigmented  vuilea,  or  nan  pigmentoxi,  or  melanomata,  form  lai^er  or 
smaller  smooth  areas  which  are  not  elevated  above  the  general  surface  of 
the  skin  {wEvua  gpUiis),  or  prominent  warty  growths  {navun  prominens, 
naru»  vermeomu).  When  covered  with  hair,  as  is  frequently  the  case, 
they  are  called  hairy  moles  (Tuemu  pHoma).  In  color  they  are  usually 
light  brown  or  dark  brown,  or  even  black  (Fig.  275) ;   and  are  nsoally 
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covered  by  epidermis  of  normal  thick- 
nesB,  more  rarely  by  hypertn>phic  epi- 
thelium. Tliey  are  usiuilly  small,  but 
may  be  as  large  as  the  palm  of  the  baud, 
or  under  certain  couditions  may  cover  a 
large  part  of  the  body  surface. 

Lentigines  appear  at  any  time  after 
birth,  and  upon  any  part-  of  the  body 
surface;  and  when  once  formed  they  re- 
main for  life.  They  form  sliarply  cir- 
cumscribed yellow  to  brownish  -  black 
spots  closely  resembling  the  little  pig- 
mented nievi ;  and  vary  in  size  from  that 
of  a  pinhcad  to  that  of  a  lentil. 

Frecklet  or  ephelid^s  are  small,  irregu- 
larly outlined,  serrated,  pale-browu  spots, 
which  are  not  elevated  above  the  snrface 
of  the  skin.  They  occur  in  yonng  indi- 
viduals, particularly  on  the  face,  hands, 
and  arms,  rarely  on  other  portions  of  the 
body ;  and  may  either  remain  permanently 
or  disappear  after  a  longer  or  shorter 
time,  liie  pigmentation  is  favored  by 
esposnre  to  sunlight. 

Fleshy  moles  {verruc<B  camew)  aie  non. 
pigmented,  circumscribed,  smooth  ^Fig. 
276)  or  slightly  irregular,  or  more  rough 
and  papillary  (Fig.  278)  prominences  of 
the  skin,  over  which  the  epidermis  is  at     fig.  are.  — unre  iMirj  and  nigmtiai 

times  normal,  at  other  times  somewhat  ™'!^^  ^},\^"!i^^,^.^^^^M 
,  .        ■  .      ,■,'       rt^         ^  scattered  mul^  plgmenuu  ajfaofwur 

hypertrophic  (Fig.    278,  a).  nualalaB  ponlons  of  tite  hwtv.     1*1" 

In  all  of  the  pathological  formations  •^^'*'   ^^'^"^°'^^-> 
just  described  the  connective-tissue  frame- 
work encloses   colli-etions  of  crlln,  either  in  round  or  cord-like  masses 
(Figs.  27fi,  277,  278,  d,  d,'),  which  lie  partly  in  the  papillse  and  partly 
in  the  corium ;  and  are  the  more  abundant  the  more  the  growth  pro- 
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jects  above  tbe  siirfiice  of  tlie  skin.  In  the  ])igmcntpd  forms  t-Le  cells 
of  the  cell-neslH  may  also  contaiu  the  pigment  (chiefly  in  the  form  of 
browQ  or  yellow  granules,  but  in  part  diffused  throughout  tbe  sabstauce 
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of  the  cells) ;  though  often  the  pigment  lies  chiefly  within  the  connec- 
tive tissne  cells  of  the  fibrous  portions  of  the  growth. 

The  cells  of  the  cell-nesls  are  relatively  large  (Fig.  277),  possess  an 
abundant  protoplasm,  and  a  bright,  bladder-like  nucleus,  llieir  pasi- 
tion  and  appearance  justify  the  assumption  that  they  represent  the  prod- 
ucts of  the  proliferation  of  the  endothelial  cells  of  the  lymph-vesseU,  In 
rarer  cases  similar  formations  arise  from  the  blood-vessels  (hsemangioma 
hypertrophicum).  Accordingly,  it  would  seem  proper  to  class  these 
growths  with  the  endotheliomata  or  lymphangiosarcomata,  but  their  lim- 
ited growth  makes  their  classification  as  lymphangiomata  more  appro- 
priate (see  §  114).  The  cell-nests  of  the  hypertrophic  lymphangioma 
may  in  part  spread  out  more  diffusely  through  the  tissues  (as  is  the  case 
with  the  hyi)ertrophic  hsemangioma),  so  that  the  peculiar  structure  of 
the  growth  may  be  lost.  In  rare  cases  there  may  develop  a  combination 
of  hypertrophic  lymphangioma  and  lipoma. 

TJnna,  Kramayer,  Ddbanco,  and  Marchand  hold  the  view  that  the  cell-nests  of  the 
cellular  nsevi  are  of  epithelial  origin,  and  represent  misplaced  portions  of  the  surface 
epithelium ;  and  Kromayer  goes  so  far  as  to  assume  a  metaplasia  of  epithelium  iDto 
connective  tissue.  Preparations  showing  the  first  stages  of  the  development  of  nsvi 
are  not  accessible  to  me ;  but  a  thorough  study  of  nsevi  and  fleshy  warts  of  a  later  stage 
does  not  show  any  connection  between  the  cell-nests  and  the  epithelium ;  and  conse- 
quently I  hold  the  opinion — ^notwithstanding  the  investigations  of  the  above-named 
authors — that  the  view  given  above  in  the  text,  in  reganl  to  these  nsBvi  and  fleshy 
warts,  harmonizes  most  perfectly  with  their  anatomical  nature  and  clinical  behavior, 
both  in  their  fully  developed  condition  as  well  as  when  they  undergo  a  tmnsfomiation 
into  malignant  sarcomata.  That  in  individual  cases  the  cell-nests  lie  close  to  the  epi- 
thelium is  no  proof  of  a  genetic  relationship,  since  the  ordinary  lymphangiomata  also 
lie  close  to  the  epithelium  (Fig.  273,  d). 

According  to  investigations  by  Jad4U9ohn  and  Lant  the  cellular  warts  can  be  trans- 
planted from  one  individual  to  another  by  an  intra-epidermoidal  inoculation  of  cell- 
masses. 
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(ff)  Myoma, 

§  109.  A  myoma  ig  a  tumor  consisting  essentially  of  newly  formed 
miude-fbrea.  Accordiug  to  the  nature  of  the  muscular  elements,  myo- 
mata  are  divided  into  levmiyomata  formed  of  unetriped  muscle,  and  rhabdo- 
myomata  composed  of  striped  musde. 

The  leiomyoma,  or  myoma  IwmceUulare,  occurs  most  frequently  in  the 
ntems,  more  rarely  lu  the  tut>es,  nterinc  ligaments,  labia  iiuijora,  mus- 


rta.  IiV.—MjmD»  of  tin  uterus  (UHller'a  Buld,  bsmUoiTlln.  enin).    X  30<X 

colaris  of  the  gastro-intestinal  tract  and  urinary  passages ;  and  may  form 
Rpherical,  nodular  tumors  of  varying  size.  In  rare  cases  it  is  found  also 
in  the  skin  and  subcutaneous  tissues,  forming  in  this  location  small 
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nodules  ocriisioiially  reaching  the  BJze  of  a  pigeon's  egg.  Leiomjomata 
occur  a8  either  single  or  multiple  tumors;  and  may  appear  daring  ctiilil- 
hood,  or  eveu  develop  under  certain  conditions  during  intrauterine  life 
(Marc). 

In  muscular  organs  the  nev-growlh  proceeds  from  the  mnseularis, 
and  forms  during  its  development  bundles  of  muscle-fibres  (Fig.  27Hi 
which  are  interwoven  in  diflferent  directions,  and  consequeutly  present 


.    a,  OnrDoiB  Moe*t» 
,.    „...-....,.„  ^.  miurJAi-ut  liHuntudlrullir:    t*.  narnn  rut  trKOil^ffnAtT  ;  d_  cr " —  .L^.-.---— • 

Tltli  ti jpvnrophk!  m 

in  sections  a  variety  of  pictures  according  to  the  directions  in  which  the 
bundles  are  cut,  Myomata  of  the  uteras  may  contain  included  nterine 
glands.  Those  developing  in  the  dorsal  wall  of  tJie  body  of  the  utenis 
and  near  the  angles  of  the  tubes,  or  in  the  inguinal  region,  may  contain 
a  varying  number  of  gland-tubules  which  arise  from  the  Wolffian  body 
(von  Recklinghausen);  such  tumors  may  be  designated  admomyomata. 
They  are  distinguished  from  the  ordinary  spherical  myomata  which  are 
sharply  circumscribed,  by  the  fact  that  their  boundaries  are  not  sharply 
defined.  Eventnally  some  of  the  glands  may  become  cystic  as  the  resnlt 
of  the  accumulation  of  secretions.  According  to  Kicker,  Pfannenstiel. 
and  others,  the  ordinary  nterine  myomata  as  well  as  those  of  the  vaginal 
vault  may  also  contain  epithelial  tubes,  which  probably  owe  their  origin 
to  inclusions  of  portions  of  the  duct  of  Muller.  In  the  skin  and  snbcn- 
taneous  tissue  the  new-formation  of  muscle-fibres  proceeds  in  the  tirel 
place  from  the  muscularis  of  the  vessels  (Fig.  280),  which  thereby  hf- 
come  thickened  (a),  and  at  tlie  same  time  give  rise  to  free  strands  i>( 
muscle-fibres  (6).  A  pathological  new-formation  of  blood-vessels  nuiy  1* 
associated  with  that  of  muscle  (a),  so  that  tumors  arise  which  are  desitr- 
nated  anffiomtpmata  (Fig.  280).     According  to  observations  by  Jadassohn 
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and  others,  multiple  myomata  of  the  skin  may  take  their  origin  either 
from  the  an-ectores  pilonim  or  from  the  muscle-cells  of  the  sweat-glands. 

A  certain  amount  of  connective  tissue  always  takes  part  in  the  for- 
mation of  a  large  myoma,  and  often  assumes  such  importance  that  the 
tumor  may  with  propriety  be  called  a  fibromyoma  or  myofibroma.  For 
example,  the  majority  of  the  uterine  myomata  are  fibromyomata.  The 
fibrous  connective-tissue  portions  of  the  tumor  appear  glistening  white, 
the  muscular  portions  more  reddish-white  or  clear  reddish-gray.  The 
spindle-shaped  muscle-fibres  may  be  isolated  by  teasing  a  bit  of  the 
tumor  or  by  maceration  of  the  same  for  twenty-four  hours  in  a  twenty- 
per-cent  nitric-acid  solution  or  for  twenty  to  thirty  minutes  in  a  thirty- 
four-per-cent  solution  of  potassium  hydroxide.  In  longitudinal  sections 
the  muscle-fibrea  are  most  easily  recognized  by  their  rod-shaped  nuclei 
(Figs.  279,  280),  as  well  as  by  the  regular  structure  of  the  cells  in  bands 
or  strands.  In  cross-section  the  muscle-cells  appear  as  small  flattened 
cells  containing  in  their  centres  the  transversely  cut  nuclei  (Fig.  279). 

The  leiomyomataare  benign  tumors,  but  often  reach  a  very  large  size, 
and  sometimes  undergo  a  sarcomatous  proliferation  and  set  up  metastases. 
The  muscle-cells  themselves  may  change  their  character  and  proliferate 
or  the  intermuscular  connective  tissue  may  take  on  a  sarcomatous  pro- 
liferation. In  fibromyomata  of  the  uterus  there  not  infrequently  occur 
fatty  degeneration  and  softening,  which  may  lead  to  the  disintegration 
of  the  tumor  or  to  the  formation  of  cystic  cavities.  Calcification  and 
bone-formation  may  also  occur.  Through  degeneration  and  atrophy  of 
the  muscle-fibres  a  myofibroma  may  become  transformed  into  a  fibroma. 

A  rhabdomyoma  (Zenker),  or  myoma  striocelMare  (Virchow),  is  on 


Fio.  281.— Cells  from  a  rbabdomyoma.  (After  Rlbbert  and  Wolfensbenrer.")  a,  7),  c.  c,  Striated  Obrea 
of  varjring  thickness ;  d,  slender  nucleated  fibre  without  striatlon :  e,  splndle-cell  with  longitudinal  trtala* 
tlon; /,  spindle-cells  with  longitudinal  and  transrerse  striatlon;  g^  splndle-eells,  without  strlation,  with 
elongated  prooesBes :  h^  i%  round  cells  with  concentric  and  radial  striatlon. 


the  whole  a  rare  tumor.  Its  most  characteristic  featm*e  is  the  presence 
of  striated  muscle-fibres,  which  in  part  are  fully  developed  and  in  part 
undeveloped.  When  well  developed  the  muscle-fibres  form  multinuclear 
bands  of  varying  width,  which  present  a  cross-striation  (Fig.  281,  a,  ft, 
r),  and  in  part  also  a  longitudinal  striatlon  (e,/).  The  undeveloped 
forms  consist  of  narrow  bands  without  transverse  striations  (d);  of 
spindle-cells  with  long-drawn-out  thread-like  processes  without  transverse 
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Mtriatioji  //  ur  with  jiartiiil  stritftiuii  «^/'' :  or,  fnrUicT-.  of  raniiil  eelih «c 
diHifiviit  iiixAsh,  wiiicii  pf>>eat  eitijera  radial  or  £b  eoneeBtrk*  fifanlianiii 
4#f  hi  nation  y/,  />  Jbe^d^^h  tlM)fe»'  liiere  suv  akM*  eelihwiu«i)  jteiBse»h' 
t^pet.'ial  c'lianM^u^riHticK,  m>  tliait  it  ih  imiMisBiiik*  to  decicie  ^wiKtiie!  tltfr 
at«f  >i>uii|c  uiiiiA'veiuiied  mtuiel^-celi»i  ur  v(9ii]ieetiv^-tiaBa«*  eelk.  IV 
baudh  a^  ^ell  iM^  tW  h)iiudl«^  are  uittmll y  arrangt^  in  interiaieiii«:  bmuLef. 
It  i^  uhuall y  nut  puMiible  t<»  deuiuustmk*  witL  oertainty  Hie  piUMimr  4  i 
toai  <:ul«'iiiuia  oii  the  Muriiace  uf  tlie  libre»« :  but  variotv*  deiioole  jnemtinoi^ 
iia\e  U^Hii  d«di<?ribed  by  diflereut  authure,  which  probably  sat  ii>  liri^ 
gaifdcxl  a^  lA^jHeivHutiuir  punioii«i  of  a  ^areolenuna. 

Khabdoiiiyoumta  of  the  heart,  iu  «o  far  a»i  ther  do  not  eansifit  of  a 
format  ioii  <^'  delicate  tdrauHverM^Jy  Htriated  nmscle^fibrH^  SEre  madf  npi^ 
a  deihtate  network  HUpporied  by  euunertive-tifiHae  baudb,  in  tbt*  rjfxr 
KpaceK  of  whii'h  net  work  there  lie  fipider-like  cselk,  whose  pmeeaRps  ait 
partly  i'v*^,  and  partly  coutiiittous  with  the  reticnlmn.  AGMirdixi<!  u* 
HeiiOfert,  thene  €eJl8  are  to  be  n^Sirded  a«  ehlai-g>«d  emfarynnal  iBSSt)^- 
iseili^,  whi^'h,  iu  the  e\'eut  of  an  <n'erprodiietian  of  the  Htrnctmekafr  F^*- 
t^plawnie  portiion,  ha%'e  formed  no  transreraelj  stariated  wn^eaax^ 

i<h4*bdouiyoniata  oeeur  in  the  kidney  or  its  pelrifv  in  the  lefsrick^ 
uti'rii»i,  tije  Mi^lhn,  bhudder,  muKieJeK,  hc^irt,  nerreB,  fmbcntsnetnih  iJst^ 
nuddisMslinujn,  <et»oi>biH^u«y  etc.,  and  form  nodnlar,  or«  in  eaae  liirr  ire 
fiU  uaU^  on  the  nuHaoe  of  a  mueoos  membnae;,  papOkxmtftonF  and  pcdv- 
|>oid  tnnion^,  which  vajry  fp^eatly  in  a«L  They  derakip  fram  sinpHl 
mui!ii'le,  p^i^ibly  ah»o  from  nmooth  ma«ele  (atems).  In  the  kSdncnt^ud 
UtiAU'lm  Uu*y  eitlier  form  cireomgeribed  nodoles,  or  lead  to  a  total 
iUitii  riieiUm  of  iiie  organ«  The  origin  of  the  titmor  in  these  cases  is  fm^ 
ably  from  umpi;uu*il  anlage  of  mnfide-tifiBne;  and  armmdii^  snc-h 
growiUn  are  numt  frex^ueutly  congenitaL  They  may,  however,  develop 
fillet  at  ail  odvaiused  age,  Oocaaionally  they  enclose  other  tiasoes.  for 
eicaiiii»le,  cartihige.  Moreover,  mnacle-fibres  of  corresponding  stages  <^f 
development  oeeur  in  the  complex  tumors  of  the  testides  and  kidney^ 
Thee  Teratoma)* 

If  a  tumor  eontainA  ouly  a  few  cells  which  can  he  definitely  recc^ 
ui/ed  (id  mu«'le-flbre»,  while  the  majority  of  the  cells  have  no  specific 
i:\mrm*tiiv,  the  tumor  ia  ordinarily  designated  a  rhabdomj^oMreama. 
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(A)  Glioma  and  Neiiroglioma  Ganglionare. 

g  110.  A  glioma  ia  a  tumor  which  develops  from  the  eeUs  of  the  sup- 
porlinff  tissue  of  the  central  nervous  system  (neuroglia),  and  iu  its  fully 
developed   condition    consists   essentially  of 
these  cells.     In  the  brain  the  gliomata  form 
tumors,    which   for  the    most   part  are  not 
sharply  defined  from  the  normal  brain-sub- 
stance, but  pass  into  the 
latter   by  insensible  gra- 
dations.    At  times  they 
appear    simply   as    local 
swellings    of    the   brain, 
and  only  the  difference  in 
color  and  the  disappear- 
ance of  the  normal  tissue- 
contrasts  between  the  dif- 
ferent   elements    of    the 
brain,    give   evidence   to 
the  eye  that  a  tumor  is 
present.     In    the    spinal 
'  cord  they  arise  most  fre- 

■im  ii>oiHt«ii  hy  insiiu;  and     quently  in  the  neighbor- 

""'"""  '"*'■  •"^^n-     hood  of  the  central  canal, 

and  may  extend  over  a 

large  portion  of  the  cord. 

Their   appearance  varies   greatly;   sometimes  they  are  light-gray, 

Bomewhat  translucent,  and  similar  in  color  to  that  of  the  cortex,  and 

moderately  firm  in  consistence;   at  other  times  they  are  more  grayish- 

K'hite,  denser,  and  firmer;  and  again  they  are  not  iufrequently  grayisb- 


n.  ac-GHnms  (erpbrt.  A.  rella 
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red  or  dark  red  in  color  and  are  then  sharply  circoiiiscribed  from  the  sdf- 
roandiDg  braiu  substance.  In  the  Isst  case  they  are  travelled  by  nuiuer- 
008  lai^  vessels.  Gliomata  well  supplied  with  blood  often  contain 
hffimorrhagic  areas.  Fatty  degeneration,  softening,  and  destmction  of 
the  tissue  are  also  of  conuuoa  occurrence. 

A  section  of  a  fully  developed  glioma  shovs  nnder  the  microscope  a 
network  of  extremely  delicate  glistening  fibrillse  (Fig.  282,  B),  in  vhich 
are  imbedded  numerous  short  ovtd  nuclei.     Abont  the  nuclei  there  is 
but  a  scanty  amount  of  protoplasm,  and  this  can  be  distinguished  only 
with  (lifflculty.     \\'hen  examined  in  the  fresh  state  or  after  maceration 
in  Miiller's  tluid  it  may  be  seen  dis- 
tinctly that  these  iiutrlei  belong  to 
cells  (astrocytes)  which  are  charac- 
terized by  a  great  number  of  fine 
processes  extending  in  all  directions, 
and  often  branching  (Fig.  282,  A), 
By  proper  staining- met  hods  the  con- 
nection between  some  of  the  fibres 
may  be  (lemonsl  rated  also  in  sections 
(Fig.  28;i). 

The  cells  are  very  similar  to  nor- 
mal glia-cells  (short -processed  or 
long- processed ) ;    but   are   not    in- 

fretiuently  much  larger,  occasion-  no.Mi-BMttonof  ■gitom»o(uie»»rtnia. 
ally  more  plump,  and  some  may  •^U'  '««roryi«  (Moim-s  buki,  huenuoiitia. 
possess  two,  three,  or  four  nuclei. 

The  developmenl  of  gliotnata  takes 
plare  ordinari/ff  from  the  aupjMtiing  CfU»  of  the  white  and  gray  substance. 
A  preponderance  of  cells  with  a  slight  development  of  the  ceil -processes 
leads  to  the  fonnatiou  of  medalUiry  ffflomaia;  while  a  more  marked  for- 
mation of  processes  and  of  the  fibrillated  ground-substance  gives  fue 
to  hard  forms.  As  the  result  of  the  proliferation  of  the  i>erivascular 
connective  tissue  gtiomiTomata  may  be  forme<). 

In  gliomata  developing  in  the  neighborhood  of  the  ependyma,  the 
ependi/mal  epithelium,  consisting  of  cylindrical  cells  with  a  basal  process, 
mag  ahto  share  in  the  proliferation,  SO  that  the  surface  of  the  t  umor  becomes 
covered  with  a  layer  of  ependymal  cells.  Epitheiial  ingrmrtht  reirmbUng 
gtand-diicti  may  be  formed  so  that  the  tumor  in  part  taieg  on  thf  charader 
ofaa  epithelial  adenoma  {neuro-epitbeltotna  adenomatomm  gliomatogum).  A 
similar  appetirauce  may  be  protlnced  when,  as  the  result  of  distur1kan(^ 
of  development,  misplaced  portions  of  the  medullary  canal  lie  withia 
the  glioma. 

Proliferations  arising  from  the  epithelinm  of  the  plexus  bear  the 
character  of  epithelial  growths. 

A  neuroglioma  gangllonare  (Fig.  284")  is  a  tumor  of  the  centra] 
nerroat  sij»tem,  composed  of  hyperplastic  gliati»»ue,  gatiglioN-rfag,  and 
nerre-Jibren.  and  forms  either  poorly  defined  swellings  of  larger  portious 
of  the  brain,  or  circiunscribed,  nodularenlargementsof  smaller  portions. 
To  the  naked  eye  the  structure  of  the  brain  may  in  general  appear  to  W 
still  preserved,  though  the  difference  t>etween  the  cortical  and  mednl- 
lary  substance  is  less  distinct  than  normal,  and  the  tissue  thronghoiil  is 
white  or  grayish-white,  or  spotted  gray  and  white,  and  at  the  same  time 
more  or  less  hardened. 

Tiie  main  portions  of  these  masses  consist  of  a  more  or  less  thick  glia- 
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tis8ue  containing  a  certain  number  of  nerve-fibres  (d)  and  ganglioii- 
c^ells  («,  b,  c),  or  e«IIs  resembling  ganglion-cells,  not  only  in  the  cortical 
tissue,  but  also  in  the  vhit«  substance. 

Probably  all  of  these  formations  are  to  be  regarded  as  the  result  of 
di»turt>ances  of  the  embryoual  developmeut  of  the  brain— that  is,  aa  local 
tna  I  format  ions  of  the  brain,  which  are  characterized  essentially  by  a 
patholoffiral  development  of  neuroifUa  (ffliomatosis')  and  by  a  de\elopinent  of 
l»art  of  the  nenroblasts,  probably  also  of  the  spongioblasts,  into  large 
ganglion-like  ceSa  (a)  such  as  are  not  found  normally  in  the  bruin. 


Fiii.  a^— Sn-tlod  [rom  >  nodular  npun«lloma  (ranKlloDBre  at  the  centnl  codcoIuI 

(MOllfr'iillukI,  Welnert'a  aUIn).    A.  Portion  o(  tif«uerlt:h  IniranBlkin  cells.    B.  Ponlon  of 

lag  nene-flbrm.    V.  i»\j-iUic  portion,    a.  llanKllon-cellg  snaDKed  In  irrouns :  h.  seal! 

a.  Singlkia-celllwIUi  two  nuclei;  d,  Derve-abres  wltb  medullur  ■beatH :  c.RlU-cella;  /,  u.uiiu--<En<M.  n  no. 

The  term  slloma  is  also  applied  to  certain  tumors  of  the  retina  occur- 
ring during  childhood.  These  growths,  a  certain  portion  of  which  are 
of  congenital  origin,  are  evidently  to  be  referred  to  some  disturbance  in 
the  development  of  the  retina.  They  form  cellular,  soft,  white  or  reddish 
tumors,  the  greater  part  of  which  consists  of  small,  round  or  irregular 
cells  poor  in  protoplasm,  resembling  the  cells  of  the  stratum  grannlosnm. 
In  part  they  possess  smaller  or  larger  processes.  These  cells  are  found 
best  preserved  in  the  neighborhooil  of  the  blood-vessels,  while  iu  other 
portions  of  the  tumor  they  often  sliow  retrograde  changes.  The  timior 
may  also  contain  ganglion -eel  Is,  cylindrical  cells,  and  peculiar  rosette 
and  ribl)Ou-like  cell-fonnations  (Wintersteiner),  these  latter  being  re- 
garded as  aggregations  of  rods  and  cones.  Wintersteiner  has,  therefore, 
designated  the  tumor  a  neuroepithelioma. 

The  glioma  of  the  retina  oft«n  shows  areas  of  necrosis  iu  its  central 
ponion.  In  its  growth  it  may  break  into  the  retrobulbar  space,  or  for- 
ward through  the  cornea  and  sclera;  it  recurs  after  operation,  and  gives 
rise  to  metastases. 

Wilh  reference  to  the  origin  ot  neuroj^lia  and  ganglion-cells  from  the  ectoderm, 
various  writers  claee  the  differeiit  fiirmi  0/  gUomota  with  the  epithelial  tumors. 
In  ao  far  as  the  ependymal  proliferations  reaembline  epithelioma  la  nnd  Btlenomata 
(S!  118.  1 19)  are  concerned,  such  a  classification  is  justified.  The  ordinary  glioma Ia, 
however,  show  a  structure  resembling  that  of  the  other  connect  ive-l  issue 'tumors,  so 
that  it  is  more  proper  to  class  them  with  the  latter. 
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(i)  AmptUation  Neuroma,  Neurofibroma,  and  the  True  Neuroma. 

§  111.  The  tumors  desiguated  neuromata  occur  most  frequently  on 
the  ends  of  amputated  nerves,  where  they  form  more  or  less  promineut 
swellings,  either  circumscribed  or  blending  into  the  surrounding  tissue 
without  any  clearly  defined  demarcation.  From  the  conditions  of  their 
origin  they  are  known  as  ampuUUion'neuromata  (Fig.  285,  ft).  Thedevel- 
opment  of  these  neuromata  is  to  be  referred  to  the  changes  taking  place 
after  the  nerves  have  been  severed ;  during  the  development  of  connective 
tissue  in  the  stump  the  ends  of  the  axis-cylinders  of  the  proximal  portion 
of  the  affected  nerve  divide  and  grow  longitudinally,  so  that  the  scar- 
tissue  comes  to  be  i)enetrated  by  nerves  which  at  first  have  no  sheaths, 
but  are  soon  surrounded  by  medullary  sheaths.  The  mass  of  nen«^ 
penetrating  into  the  granulation  tissue  may  be  large,  so  that  the  con 
nective  tissue  after  a  certain  length  of  time  may  contain  a  very  rich 
supply  of  nerves,  which,  radiating  from  the  end  of  the  old  nerve,  extend 
into  the  connective  tissue  in  all  directions  (Fig.  285,  b).  The  process 
is,  therefore,  an  example  of  a  useless  regenerative  proliferaJtwn  of  a  nertf- 
stump  exceeding  the  physiological  needs. 

As  another  form  of  so-called  neuromata  are  classed  those  growths 
developing  spontaneously,  without  external  cause,  along  the  course  of 
nerves;  and  which  consist  essentially  of  an  increase  in  the  connective  tim'' 
of  the  nerve,  usually  of  the  outer,  more  rarely  of  the  inner  layer  of  the 
endoneurium. 

At  the  point  of  tumor -growth  the  nerve-bundles  become  surround^ 
by  a  more  or  less  thick  layer  of  connective  tissue,  which  is  usually  looee, 
more  rarely  dense  (Fig.  286,  b,  d),  or  the  bundles  maybe  split  apart 
into  their  individual  fibres  (c).  Occasionally  the  jjerineurium  take* 
part  in  the  proliferation.  In  the  case  of  large  nerve-trunks  the  epineu- 
rium  may  be  affected  in  association  with  the  endoneurium  and  perinea- 
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rium  of  the  individual  bundles,  although  the  process  is  most  frequently 
confined  to  the  endoneurium. 

According  to  their  structure  these  tumors  are  not  true  neuromata, 
but  are  neurofibromata  or  fibromata  nervorum.  They  are  usually 
of  multiple  occurrence,  and  may  extend  throughout  the  entire  peripheral 
nervous  system,  but  are  more  often  limited  to  a  definite  area  of  nerve- 
distribution.  In  very  rare  cases  they  occur  in  the  nerve-roots  and  spinal 
cord.     The  nodules  are  sometimes  situated  along  the  course  of  the 

nerve-trunks,  sometimes  on  the  finer 
branches,  most  frequently  of  the  cutane- 
ous nerves;  and  in  the  skin  form  more  or 
less  numerous,  larger  or  smaller,  tumor- 
nodules,  for  the  greater  part  of  soft  con- 
sistence, to  which  the  designation  multi- 
ple fibromata  of  the  skin  is  usually 
applied.  The  smallest  nodules  can  be 
seen  only  with  the  microscope ;  the  ma- 
jority vary  in  size  from  that  of  a  pea  to 
that  of  a  hazel-nut.  Individual  tumors 
may  reach  the  size  of  a  man's  fist,  the 
nerve-fibres  being  wholly  lost  sight  of  in 
the  great  mass  of  connective  tissue.  At- 
rophy of  the  fibres  may  be  caused  by  the 
increasing  connective  tissue,  the  fibres 
finally  vanishing  completely.  In  addi- 
tion to  the  formation  of  circumscribed 
nodules  there  may  occur  also  in  the  af- 
fected area  a  diffuse  thiekening  of  the  nerves 
from  hypertrophy  of  their  connective  tissue. 
Moreover,  with  this  condition  there  may 
be  associated  a  hypertrophic  prolifera- 
tion of  the  connective  tissue  of  the  skin 
and  subcutaneous  tissue,  leading  to  ele- 
phantiams'lilce  thickenings  of  the  skin. 

A  third  form  of  false  neuroma  is  the 
cirsoid  neuroma  (Bruns)  or  plexiform 
neuroma  (Verneuil),  a  tumor  formation 
which  is  characterized  bv  the  develop- 
ment  in  the  domain  of  one  or  more  nerve- 
branches  of  a  convolution  of  tendril-like, 
twisted  or  interwoven,  thickened  and 
nodular  nerve-strands  (Fig.  287).  When 
examined  in  detail  this  formation  is  also 
found  to  depend  essentially  upon  a  fbro- 
matosis  of  the  nerves  (Fig.  286),  the  pro- 
liferation of  the  endoneurium  resulting  partly  in  a  diffuse  and  partly 
in  a  nodular  thickening  of  the  nerves.  In  addition,  it  may  be  found 
in  such  formations  that  the  nerves  of  the  affected  area  are  lengthened 
and  thereby  rendered  tortuous,  while  at  the  same  time  the  nerves  are  in- 
creased in  number,  so  that  the  number  of  the  nerves  of  the  skin  and 
sabcutaneous  tissues  is  greater  than  under  normal  conditions.  The  con- 
dition must,  therefore,  be  regarded  as  one  of  true  neuroma,  a  neuroma 
verum  associated  with  2k  fibromatosis.  The  nerves  are  for  the  greater  part 
medullated  (neuroma  mydinicum).     It  is  very  difficult  to  determine  to 
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rio.  285.  — AmputatloD-neuroma  of  the 
sdatic  nerve  (nine  yean  after  amputation 
of  tbe  nerve).  Longitudinal  section,  a. 
Nerve;  h,  neuroma.  Drawn  firom  a 
preparation  wblch  bad  been  banlttned  In 
Mailer's  fluid.    X  3. 
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glioD-cells.  These  tumors  consist  of  connective  tiasue,  non-meduUated 
and  meduUated  nen^e-fibres,  and  ganglion -eel  Is  which  resemble  those  of 
the  sympathetic  giuiglia. 

Both  the  neurofibroma  and  the  true  neuroma  are,  as  regards  their  origin, 
to  be  referred  to  a  congenital  ahlage.  They  form  no  metastases,  but  cases 
occur  in  which  neurofibromata  take  on  a  sarcomatous  character  and 
thereby  become  malignant. 
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(Jc)  Sarcoma. 

§  112.  A  sarcoma  is  a  connective -tissue  tumor  whose  elements,  either 
heeause  of  their  number  or  often  because  of  their  size,  predominate  over  the 
iiUercellular  substance.  Sarcomata  ar4  closely  related  to  the  undeveloped 
connective  tissues,  so  that  sarcomatous  tissue  may  be  compared  with  em- 
bryonal tissue. 

Sarcomata  develop  either  in  previously  normal  tissue  belonging  to 
the  connective-tissue  group — as,  for  example,  in  the  skin,  subcutaneous 
tis.sue,  intermuscular  connective  tissue,  periosteum,  spinal  cord,  menin- 
ges, coimective  tissue  of  the  glands,  etc. — or  in  some  preexisting  con- 
nective-tissue tumor,  as  a  fibroma,  myoma,  chondroma,  hypertrophic 
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lymphangioma,  etc  The  tTaiisformatioii  of  the  parent  tiasoe  into  tumor 
tiitfiue  takeft  place  through  the  growth  and  mnltiplication  of  the  existing 
oellA.  The  di  vinion  of  the  cells  takes  place  chiefly  by  mitosis,  and  mitose:i 
are  the  more  abundant  the  more  rapid  the  growth  of  the  tnmor.  In 
addition  to  typical  mitoses  there  are  frequently  obsened  atypical  formii, 
also  nuclesir  fragmentation,  and  more  rarely  segmentation. 

In  their  fully  develoi>ed  state  sarcomata  form  more  or  less  sharply 
circumscrit)ed  growths.  They  may  appear  in  any  portion  of  the  Ixjdy 
where  connective  tissue  is  present ;  but  are  found  in  certain  tissues  more 
fwquently  than  in  others.  Thus,  for  example,  they  are  found  uiuch 
oftener  in  the  skin,  fiascia,  intermuscular  connective  tissue,  bone-mar- 
row, periosteum,  brain,  and  ovaries^  than  in  the  liver,  intestines,  aud 
lungs. 

The  development  and  form  of  the  cells  vary  greatly  in  different 
Harcoimita.  The  intercellular  substance  is  sometimes  very  scant>%  soft, 
and  delicate ;  at  other  times  more  abundant  and  in  character  resembling 
the  ground-substance  of  the  mature  normal  connective-tissue  substances. 

The  amount  of  the  intercellular  substance  has  a  marked  influence 
upon  the  consistence  and  color  of  the  tumor.  The  medullary  forms  are 
soft  and  very  cellular,  and  poor  in  intercellular  substance;  on  section 
they  present  a  marrow-like  white  or  grayish-white  surface.  The  hard 
dense  forms,  on  the  other  hand,  are  poor  in  cells  and  rich  in  fibrous  inter- 
cellular substance;  they  pass  by  insensible  gradations  into  fibromata. 
Transition-forms  are  known  as  fibrosarcomata.  The  cut  surface  of  a 
sarcoma  presents  a  nearly  uniform  appearance,  in  case  retrograde  changes 
or  differences  in  the  blood-content  do  not  cause  alterations  of  the  same; 
it  is  usually  uniformly  smooth,  in  the  medullary  forms  milk-white,  iu 
the  firmer  varieties  clear  grayish- white,  somewhat  translucent,  or  more 
of  a  clear  grayish-red  or  grayish-brown  color.  The  hard  forms  are  glis- 
tening white  or  yellowish-white. 

The  development  of  the  blood-vessels  varies  greatly ;  sometimes  the 
vessels  are  very  numerous,  large,  aud  ectatic  (teleanffiectatic  mrcoma). 
Usually  the  vessels  have  walls  easily  distinguishable  from  the  tumor  tis- 
sue ;  but  the  tumor-cells  may  also  constitute  the  outer  cells  of  the  vessel- 
wall  ;  and  in  such  a  case  the  cells  of  the  vessel-walls  also  take  part  iu 
the  growth  of  the  tumor. 

Ketrograde  changes — such  as  fatty  degeneration,  mucous  degenera- 
tion, liquefaction,  ci^seation,  necrosis,  hsemorrhage,  gangrene^  ulceration, 
etc. — are  of  frequent  occurrence  in  sarcomata. 

The  sarcomatous  tumors  may  be  divided  into  three  classes.  The  first 
of  tliese  includes  the  simple  mreomata,  or  sarcomata  in  the  narrower  sense 
— that  is,  tumors  of  the  type  of  embryonal  connective  tissue,  showing  a 
more  or  less  uniform  distribution  of  the  cells  without  the  formation  oi 
distinct  groups  of  cells.  The  second  class  includes  those  sarconuita 
which  show  a  special  armn^enient  and  grouping  of  the  individual  demeniSy  so 
that  tumor^formations  arise  which  are  very  similar  to  the  epithelial 
tumors.  The  third  class  is  characterized  by  the  appearance  of  secondary 
changes  in  the  ccUSj  in  the  intrreeUuIar  substance^  and  in  the  hlood-ve^sels,  thei« 
changes  giving  to  the  tumors  concei'ned  a  characteristic  appearance. 

The  etiotog^  of  sarcoma  is  not  a  simple  one.  It  occurs  more  frequently 
in  youth  thiui  in  old  age«  Some  sarcomata  develop  even  in  embryonic 
life,  and  the  origin  of  such  may  be  referred  to  some  local  malformation. 
dM:4isiaually  trauma  appears  to  be  an  exciting  cause.  A  parasitic  origin 
has  not  lHH>n  demonstrated  (see  Etiology  of  Carcinoma^.  Usually  only 
one  primary  tumor  is  formed,  but  multiple  primary  sarcomata  sometimes 
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occur,  particularly  ia  the  skin  and  boDC-marrow.  The  softer  tumors 
give  rise  to  nietastasefi. 

§  113.  The  simple  sarcomata  include  both  Boft  medullary  forms 
and  those  of  a  firmer  consistence,  which  pass  by  insensible  degrees  of 
transition  into  tiiejibrosarcomata  -And  Jii»-omata.  According  to  the  char- 
acter of  the  cells,  several  forms  may  t>e  distiuguished. 

The  small  round-celled  sarcomata  are  veiy  soft,  quickly  growing 
tumors,  which  develop  particularly  in  the  connective  tissue  of  the  motor 
apparatus  and  supporting  framework,  and  also  in  the  skin,  testicles, 
ovaries,  and  lymph-glani£.  On  section  they  appear  milky-white,  and 
occasionally  present  caseous  or  softened  areas.  When  scraped  the  cut 
snrfiLce  yields  a  milky  fluid.  Their  strncture  is  very  simple ;  the  tumors 
consist  almost  wholly  of  round  cells  and  blood-vessels  (Fig-  288,  c). 
The  cells  are  small  and  frail;  they  possess  very  little  protoplasm,  and 
have  spherical  or  slightly  oval,  rather  large,  bladder-shaped  nuclei  (c), 
which  appear  to  be  more  highly  developed  than  the  nuclei  of  lymphoid 
cells. 

Between  the  cells  lies  a  very  scanty  amount  of  fibrograunlar  intercel- 
Inlar  substance.  The  vessels  traverse  the  masses  of  cells  in  the  form  of 
thin-walled  ainals.  If  such  a  tumor  growing  in  muscle  be  examined  at 
its  periphery  it  appears  as  an  aggregation  of  round  cells  (Fig.  288,  b,  c) 
in  the  intermuscular  connective  tissue.  Not  infrequently  lymphoid 
cells  lie  near  the  tnmor-cells,  the  nuclei  of  the  former  (rf)  staining  more 
intensely  than  those  of  the  tumor-cells, 

A  second  form  of  runnd-cell  sarcoma  is  designated  lymphosarcoma 
or  sarcoma  lymphadenddes;   it  imitates  to  a  certain  extent  the  struc- 
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ture  of  a  lymph-gland  in  that  the  stroma  for  the  greater  part  of  the 
round  cells  consists  of  a  vascular  reticulum  (Fig,  289,  a),  which  in  part 
at  lea.'A  is  composed  of  branching  and  anastomosing  cells  (6),  na  may  be 
demonstrated  by  shaking  a  small  section  of  the  tumor  iu  a  test-tube. 

According  to  the  amount  of  reticulum   which   they   possess,  the 
Iffmphoaarcomata  may  be  divided  into  the  8oJt  and  hard  forms.    In  the  denser 
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lliiiliii,  but  iHfi  found  alHo  in  oilier  places.     The  tnmor-proliferatiou  in- 
volv)'H  HiirrcHHlvHy  II  iiiom  or  Ivss  considerable  portion  of  the  lymph- 

tUll'llliltl  1iHHll(>M  lllllm-ll. 

|jirg«  round>cclled  sarcomata,  the  cells  of  which  are  much  Inrgi^r 
lliiiii  MiiirHi  iif  Itin  foi'UM  Jimt  described,  apjiear  in  the  same  places  as  do 
llii>  Niiiill  I'immhI  <'«<nHl  viiricly,  and  closely  resemble  the  latter.  ThecelL* 
|i<MM'Nn  III)  iihiniiiiiiit  ])M>t<>|>likHiu  and  large,  bladder-like,  oval  nuclei  (Fi^. 
'Jim  I.  Miiiiynr  tlioi'dlHlmvo  two  nuclei,  some  more  than  two.  Betnwn 
IliiM'oiindn'liM  \\\K^\\\  lii-H  a  n'licnlatod  intercellnlar  substance  (Fig.  ^'> 
iw  wt'll  im  Hpiiidlt'-sliitiHil  and  branched  cells,  which  together  form  an 
itlvt>olar  lift  work  in  whoso  iiieslies  lie  the  large  nmiid  epithelial-like  cells- 

In  ulhtT  fiirni!*  of  lanre  nmnd-celled  sarcomata  the  tumor-cells  aiv 
vi'VY  niii'i|inil  In  t*i/.i'  (Fik.  291),  and  at  the  same  time  there  are  minglrti 
Willi  Ihi'  romid  n'll«  dungitte^l  or  irregularly  shaped  cells,  so  that  tbr 
tmiioi'  nm.v  Ih>  eitlled  uU>  ti  sarcoma  with  polymorphous  cells.  Tbe 
nm-li'l  llt>.t<wiM(>\m-yK<'<'<i"y  >"  >^»'  (Fig.  291),  and  in  individual  cells  < ' 
inuy  Ih«  ttiivteni  in  Imxt'  luimliei's  (mullinuclear  giant-cells). 

'\\\\-  laiw  iMnnd-tH'lh-^l  stti-eomata  and  the  poly morphoiis -celled  vari- 
vt>  iMv  on  tU<«  ulioW  lf«s  luatignant  than  thesniail-celled,  bnt  theyal"" 
KlM>  It-"*'  I"  im'lH'«li(.M«s. 

SplndW^'vllvil  sarcomata  belong  to  tbe  most  commonly  ocenrn^ 
iHiHi'i'H.  \h  a  niU',  llu-y  art'  much  tinner  than  the  round-celled  fo^m^ 
bul  ■tort  iiU'tluDit)^  iMVHis als»i  wvur.  t>ii  section  they  present  oidiiarJt 
a  KiUM^ilt  wliilt'  ov  >vlU>w)!i)t- white,  rather  translueent  sarface.  viin-i 
»i'»,\  U>  u«v«'  Of  K'.vt  nHtdt-iH-^l  (Hi^krdtnje  to  its  vasrularity.  Mednlii-^ 
ttiiHtkVH  tthtv«>  wMh  have  ximlei^i»e  faity  de^neration  may  pnaseff  » 
|tkMv  «h)tv\stlitr.  lupnteml.  thiwvsuToaula  are  more  bmign  tksatir 
UWal  \<«^lh<«l  vat'U^uis.  but  their  vluu^Her  in  this  nspect  variesw^*-^' 
Uiu  t"  »l»vn  U-txHU'U  ami  (heir  rivtiu«<r«>  iu  tells. 


According  to  the  Bize  of  the  cells  there  may  be  distinguished  large 
spindled-celled  aod  small  spindle-celled  sarcomata.  Through  the  teus- 
iug  of  small  pieces  of  Ihc  tuniur  the  cells  may  in  part  be  isolated,  and  in 
this  way  very  long  spiudles  may  be  obtained  (Fig.  292).  The  cells  lie 
side  by  side  with  their  tlat  sides  approximated,  and  are  grouped  in  bun- 
dles, which,  in  sections,  are  cnt  partly  longitudiually,  i>ai-tly  tmusversely, 
and  partly  obliqoely — evidence  tliat  they  are  interwoven  in  different 
directions. 

The  arrangement  of  the  spindles  in  bundles  is  often  very  striking ; 
iu  other  ciutes  it  is  wanting;  and  the  spindles  for  considerable  distances 
run  in  the  same  direction,  ^metinies  the  direction  of  the  spindles  is 
determined  by  the  direction  of  the  blood-vessels — that  1%  the  individual 
bundles  form  sheaths  about  their  respective  blood-vessels. 

Between  the  spindles  there  is  often  but  a  very  scanty  intercellular 
substance,  or  it  may  not  be  possible  to  demonstrate  iu  sections  the  pres- 
ence of  such.  Iu  other  cases  it  may  be  more  abundant,  and  show  a  fibril- 
lur  character.  The  cells  in  such  cases  have  less  protoplasm,  so  that  often 
it  is  scarcely  possible  to  demonstrate  any  protoplasm  around  the  nucleus, 
and  the  processes  at  the  poles  of  the  cells  seem  to  spring  directly  from 
the  nucleus  (nuclear  fibres).  8uch  varieties  are  dense  and  hard.  They 
represent  the  connecting-link  be- 
tween sarcomata  and  fibromata, 
and  are  designate<l  fibrosarcomata. 
Sarcomata  with  polymorphous 
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tla,  aie.~Bpliulle-ceUs  Irom  ■  large  >plDdle-ce1led  wrcomaof  Uiechwk  (tmspd  preparallDn).    X  KO. 
rra.  03.  -Cells  trom  n  mrelasenoiu  glant^elled  sarcvnim  of  Ibe  Ilbls.    (HeinBloiylla.)     x  tOO. 

cells  are  found  also  among  the  spindle-celled  forms;  and  contain  spin- 
dle-shaped, pyramidal,  prismatic,  stellat«,  and  very  irregular  cell-forms 
(Fig.  293). 

Bi)th  iu  polymorphous-  and  spindle -eel  led  sarcomata  there  may  be 
foand  more  or  less  numerous  giant  cells  (Figs.  291, 293,  and  294),  so  that 
the  designation  glant^celled  sarcoma  may  be  applied  to  these  tumors. 
Tliey  arise  particularly  from  the  bones,  but  they  may  occur  also  in  other 
places. 

If  a  sarcoma  develops  in  preexiatiug  new  growths  there  may  bo 


formed  mixed  tumors,  which  are  known  as  myxosarcoma  (Fig.  252), 
chondrosarcoma  (Fig.  257 j,  myosarcoma,  etc 
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The  lyMfiAoMciwinA  of  (A*  Igmpli-ffland*  and  Igmpliadenoid  apparatut  of  tKt  fpUt^ 
and  the  wmwi  mrmbniM  of  the gntlTointfttimii  Irart  givearisc  to  it  peculiar  darase  n( 
IhpM  iirKKiix.  ivlilrb  Is  characteri)!«ii  by  a  progressive  increase  of  the  IjmphadcDOki 
tiwiit'.  1cHiliii)f  til  th<^  fomuttion  of  extcDsive  nodules.  L'niler  thpsc  circumstances  \\a 
clMnit'li'rlstk- NtnieluTC  of  llic  tymptutdcaoiil  appantus  is  Iiist.  sDd  tlie  uewly-FoniKtl 
tlisut' sbuwti  a  niarkii)  ilcparl urn  from  the  structure  of  trpital  lymphadenold  tissue— 
lutuiely.  a  tibroHS  tlifrkenine  of  the  rrtirulum  or  the  formation  of  g^nt-cclls.  Sinn 
Blmllar  t^rowths  on-iir  also  m  other  orjnms.  such  as  tbc  liver,  the  dise«se  csanni  ^ 
lookrtt  iipnn  as  ii  juiro  livperiropbv  ot  lymptiadenojil  tissue,  but  as  a  tumor-fonnstion 
with  (liP  iinHlui'tionof  lVmpbuid{-ells.  It  is  also  possible  that  it  is  an  iufectiou*  di!!- 
t<H*p.  Likewise  the  ei>m^ilioD  knnwD  as  MiiYimuidMu  eutit.  which  is  chaise  terized  bjlhe 
tiiruiatlou  of  UDiuemiis  roil ud-cel led  nodules  in  tbe  skin,  is  to  t>c  classed  with  it. 

'I'hti  Mjfiii'miitii  of  tht  (•••net,  occurring  as  multiple  nodules  either  concealed  in  tb« 
tHiiu>!i  <ir  |>n>Je4'tln|;  fniin  their  surface,  demand  especial  cnnsideration.  Accordinj;  1o 
rMTWt  investitmliiins  {Slrriitrrg.  Sibiert.  Uofmann)  tbey  are  composed  of  cells  cone- 
siHimlinn  fitlier  to  the  myrlnc.vtes.  Ijnipbocjtcs.  eiylh  rob  lasts,  or  plasma-cetls. 

The  iimiuion  clianM-t'eristicut  tbeJjrwfiMeircoMiii  and  mytirana  is  that,  aside  frnin 
the  iftleular  ftHmewivk,  thev  consist  esarnliallj  of  deriratirtt  offrr*  mttenehgmnl  aHi, 
Mv\  arettiervbr  tiittereniUtn)  from  Ibeordinaiy  sarromata  that  arise  through  Ibe  pro- 
lirerttlitiii  of  riieil  tJssittMvlls.  They  form,  therefore,  an  rtprrial  ffmnp  atnonp  ibe 
i\iulHS-llvv-liH!iUe  Ittlliore,  but  tbe  investigations  so  far  carried  out  are  nut  auffident  to 
H\  Hieir  iHHithui  more  defluitely. 
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g  114.  Sarcomata  which  present  an  organoid  structure  appear  in 
those  forms  known  as  alveolar  aud  tubular  sarcomata.  These  are  con- 
nective-tissue tumors  in  which  the  cellular  elements,  eai)ecially  the  larger 
cells,  are  arranged  in  groups,  so  that  it  is  possible  to  distinguish  a  vas- 
cular cannective-tissue  stroma  and  strands  or  nests  of  cells.  According  to 
their  genesis,  these  growths  may  be  divided  into  two  types :  lymphangiosar- 
coma  and  hceniangiosarcoma.  There  are,  however,  also  alveolar  sarcomata 
which  possess  stroma  and  cell-nests,  but  which,  in  so  far  as  their  devel- 
opment is  concerned,  cannot  be  included  with  the  above-named  tyi)es. 

The  lymphangiosarcomata  are  tumors  which  arise  from  a  j>roZi/y?r{r- 
tion  of  the  endothelium  of  the  lymph-vessels  and  lymphspa/^s.  They  may 
accordingly  be  designated  as  lymphangioendotheliomata  or  as  endo- 
theliomata  in  the  narrower  sense.  They  may  develop  either  in  previously 
normal  tissue,  or  in  preexisting  tumor-like  formations,  such  as  the  hy- 
pertrophic lymphangioma  in  particular  (pigmented  moles  and  warts, 
see  §  108),  aud  also  from  myxochondromata.  The  first  occur  particularly 
in  the  meninges  of  the  brain,  and  in  the  serous  membranes  of  the  great 
body-cavities;  but  may  develop  also  in  other  organs;  the  second  are 
found  chiefly  in  the  skin ;  while  those  arising  from  myxochondromata 
develop  in  the  mixed  tumors  of  the  salivary  glands,  palate,  and  orbit. 

The  endotJieHomata  of  the  inner  meninges  of  the  brain  and  spitml  cord 
occur  partly  as  nodular  growths  and  partly  as  flattened  proliferations; 
they  develop  through  the  transformation  of  the  flattened  endothelium, 
which  covers  the  connective-tissue  network  of  the  subarachnoideal  tissue 
and  pia,  into  cubical  or  even  cylindrical  cells  (Fig.  296,  d,  e).  In  con- 
seciuence,  the  new-growth  at  first  presents  the  appearance  of  gland-like 
formations;  in  the  event  of  a  more  active  proliferation  solid  nests  of  cells 
are  formed.  Inasmuch  as  the  pia  is  continued  as  a  lymph-sheath  around 
the  cerebral  vessels,  there  are  formed  around  the  latter  strands  of  large 
epithelial-like  cells  (Fig.  295,/,  g,  h). 
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The  eMdoiMioma  of  the  dura  mater  arises  through  a  prolireratiOD  of  tbe 
endothelium  of  the  lymph- vessels,  and  leads,  through  the  filling  up  <>r 
the  latter  with  large  cells,  to  the  formation  of  anastomoeiug  c^rdsof  cells 
(Fig.  296,  c,  d,  e),  which  in  some  jtliices  may  still  contain  a  lumeu. 

The  eadoUtelionutla  of  the  pleura  or  of  the  peritoneum  appear  usnalk  se 
flattened  thickenings  of  the  affected  membrane,  but  scattered  uixliilar 
elevations  may  occur  throughout  the  areas  of  thickening.     The$«  KDvths 


ir  nDd  oerebral  tortei,  illin»rtl' sp"*' o"" 

r iMloiyllQl.    a,Buperfictal  p1«:lfc  fit  1"* 
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are  characterized  by  cords  of  large  cells  (Fig,  297,  b),  which.  eorn«p"i>J 
ing  to  the  course  of  the  lymph-vessels,  traverse  the  hypertrophic  aoil 
proliferating  tissue  of  the  serosa. 

The  endothelioma  of  the  nMmmary  gland  is  a  rare  tumor,  which  develops 
in  the  form  of  nodules,  and  takes  its  origin  from  a  prolifenttiou  of  tbi' 
endothelium  of  the  lymph-vessels  and  lymph-spaces  (Fig.  293,  b.  c).  auil 
gives  rise  to  the  formation  of  large  cords  of  cells  (c)  or  of  smaller  cell 
nest&  The  proliferating  cells  are  characterized  by  a  great  variiition  iu 
the  size,  character,  and  form  of  the  nucleus  and  cell-body. 

The  endothetioma  of  the  shin,  which  arises  from  the  hypertrophic  I>t"- 
phangionia  (warts  and  pigmented  moles),  resembles  these  in  its  general 
structure,  and  possesses  also  cell-nests  of  varying  size  (Fig.  277).  Fur- 
ther, there  also  occur  endotheliomataof  the  skin,  which  do  not  arisefrou 
warts,  and  may  develop  in  great  numbei-a  (Spiegler,  Mnlert), 

The  endothelial  proliferations  lehieh  arise  in  myxomata  and  mgxoeli''^"*' 
nwrffl  form  conls  of  cells  of  different  shapes  (Fig.  252,  b) ;  but  it  should 
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be  noted  that  iu  these  cases  similar  proliferatious  may  also  arise  from  the 
hlood-vessets  (Fig.  302.  c,  d),  »  that  it  is  often  impossible  to  decide  aa 
to  the  nature  of  the  cell-stnmds. 

The  alveolar,  tubular,  or  plexifonn  structure  of  tlie  endothelioma  is 
well  marked  ouly  in  the  first  stages  of  the  tumor,  aud  usually  disappears 


ill  part  with  the  advancing  growth  of  the  tumor.     Tliis  is  due,  on  the 
oue  hand,  to  the  fact  that  the  endothelial  proliferation  extends,  without 


sharp  limits,  into  the  neighboring  connective  tissue  (Fig.  296,  /) ;  aud, 
on  the  other  hand,  to  the  circumstance  that  the  connect ive-1  issue  cells 


take  on  a  proliferative  activity  similar  to  that  of  the  endotheliDm,  m 
that  there  is  formed  a  diffuse,  cellular  new  growth  of  the  cbatscter  of 


ur?  itUnd  lafcittol.  iurauiloiTlUu  enrin).    a.  ODQDHliTe  dm:  h 
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an  ordinary  sarcoma  (Fig.  298,  d).  Accordingly,  the  endotheli ornate 
caonot  be  Rharply  tlifltiiiguished  from  the  sarcomata,  and  may  become 
transformed  into  the  latter. 


The  similarity  in  structure  between  endotheliomata  and  carcinomala  raises  tlK 
question  wliethcr  It  ivould  not  be  expedient  u>  class  the  lormer  as  eruloUiflial  eiii<an. 
The  structure  of  tliesc  tumors  would  certainly  justify  such  a  classiflca 


sider  it  better  to  avoid  tlic  use  of  this  term.  In  tlie  first  place,  tbe  term  endoiheliom 
is  in  general  use  anil  is  entirely  Bpi>roprl«tc.  and  the  introduction  of  the  term  entiotlx 
lift]  cancer  would  easily  give  rise  to  confusion ;  by  the  term  cancer  In  general  is  iidiI<T' 
stood  an  eplthctial  tumiir,  and  it  does  not  seeiii  expedient  to  introduce  two  tjpesof 
cancer — an  cpitbellal  and  an  endothelial. 

I  have  clasBcil  as  endothelioraata  those  tumors  of  the  serous  membrauea  which  sre 
characterized  by  tbe  formation  of  cell-cords  in  tbe  lynipb  chanuels,  on  tbe  assumpiMi 
that  these  cords  of  cells  arise  from  the  endothelium  of  tbe  lymph-vessels  and  lympb- 
spaces.  I  must  admit,  however,  that  I  do  not  consider  Ibis  assumption  as  absoliiifiJ 
proved,  in  spile  of  the  concurriiic  dctlnile  statements  of  a  number  of  authors  (f« 
Qloekner).  The  possibility  of  thtir  development  from  the  epithelium  of  tbeM-ros»ii 
not  excluded  IBenda).  and  if  such  an  ori^n  could  be  proved,  the  question  would  BriK 
wbelber  it  would  not  be  better  to  class  these  tumors  with  tbe  carcinomata.  ninct  Uic 
correspondiuK  tumors  of  the  kidneys  and  ovaries,  whose  gland-cells  arise  from  peri- 
toneal epithelium,  are  classed  wltb  the  epithelial  tumors. 

According  to  Investigations  by  M.  B.  Schmidt,  tbe  cellular  elements  of  the  Bireo- 
mata  of  the  dura  mater,  as  well  as  of  tbe  psammomsta  (g  116),  that  for  the  chief  piirt 
nm  located  in  the  nelgbborbood  of  tbe  dural  »inus.  urise  frnni  endolMinl  <Wb  ••(  '^ 
irnehnmd  tliat  under  pliy Biological  conditions  are  pushed  Into  the  tissue  of  the  du«.  in 
part  by  tlie  ingrowing  Pacchionian  bodies,  and  in  part  as  independent  cell-plugs  Inm 
the  smooth  surface  of  tbe  arachnoid. 
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§115.  The  hsmantrlosarcomata  represent  a  group  of  organoid  sar- 
comata, in  which  the  walls  of  the  blood-vesselB  and  their  surrounding 
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tissue  take  an  oi^pecial  pai't  in  the  l)iiilding-np  of  the  tumors,  and  rtm- 
stitute  a  characteristic  feature  of  their  structure. 

One  form  of  hiemangio»arcoma  is  the  blood-vessel^ndothelkmia  or 
haemaneioendothelioma,  atumor^hich  arises,  either  from  preexistiiig 
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blood-vessels  or  those  newly  formed  in  hiemangiomata,  through  a  more 
active  development  and  proliferation  of  the  endothelium  giving  risi'  ii 
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blocMi-veaBel  spaces  lined  ivith  cubical  or  cylindrical  endothelinm  (Pig. 
299,  a),  ortocanalscompletelyfitled  withsueh  c«lls  (6).  According  to 
the  number  of  blood-containing  vessels  the  tumor  is  either  dark-red, 
pale,  gntyish- white  or  yellowisli-white.  The  endothelial  cells,  according 
to  the  stage  of  development^  may  contain  glycogen  or  fat  or  both. 

A  second  form  of  h^emangiosarcoma,  tJie  hfemangiosarcoma  in  a, 
narrow  sense  (occasionally  also  called  perithelioma),  arises  through  the 
proliferation  of  the  tissue  of  the  outer  layers  of  the  blood-vessel  vails 
aud  tbeir  immediate  surroundings,  so  that  the  vessel- 1 umiua  are  sur- 
rounded by  a  more  or  less  thick  mantle  of  cells  (Fig.  300,  b). 

Ill  typical  cases  the  tumor-tissue  cousists  almost  wholly  of  a  coufosed 
tangle  of  blood-vessels  (Fig.  300,  a),  whose  walls  are  surrounded  by  a 
thick  layer  of  cells,  which  often  reach  to  the  endothelium.  The  thick- 
walled  tubes  of  cells  sometimes  run  an  isolated  course,  and  at  other  times 
anastomose,  .so  that  variously  formed  twistings  and  interweavings  result 
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(^plejn/arm  aitffioiarcoma).  The  tissne  lying  between  the  cell-strands  is 
the  remains  of  the  original  tissue  (Fig.  301,  b),  and  may  still  contain 
characteristic  tissue -formations,  as,  for  example,  glands  (e). 

Should  a  more  active  proliferation  of  the  perivascular  mantle  of  cells 
occur,  and  if  these  become  confluent  with  each  other  (Fig.  301)  the  tumor 
patses  over  into  an  ordinary  sarcoma.  This  change  almost  invariably 
occurs  in  the  larjiiT  tumors  of  this  kind. 

Haimangiosarcomata  occur  in  tlie  most  varied  oi^ns:  testicles,  kid- 
neys, salivary  glands,  bones,  brain,  mamma,  thyroid,  skin,  carotid  gland, 
coccygeal  gland,  ovaries,  and  liver.  In  the  last-named  organs  they  are 
rare.     Both  forms  may  so  occur  that  the  tumor  throughout  ^ars  the  char- 


acter  of  a  lio-inanglosareoma ;  but  it  also  happens  that  snch  proliferations 
of  tbe  vesMils  funu  only  a  single 
feature  of  other  tumors  fFigs. 
302,  c,  d;  ail,  d);  aiid  though 
this  feature  indeed  give;*  charac- 
ter to  individual  portions,  it  itt,  ou 
the  whole,  oversliadowed  by  other 
featuresof  the  growth — a-s,  for  ex- 
ample, a  fibro-celhilartisHue,  car- 
tilage (Fig.  ;J02,  a,  b)  or  myxo- 
matous tiiHue  (Fig.  311,  a). 

LymphangioBarcomata  and 
heemangiosareomata  cannot  al- 
ways be  sharply  differentiated 
from  each  other,  aud  tumors 
occur  to  which  both  designations 
may  be  applied  with  pi-opriety. 
The  perivascular  development  of 
the  endothelial  proliferation  with- 
in the  brain  in  endothelioma  of 
the  pia  (Fig.  296,/,  ff.  A)  would 

justifv  al.-fo  the  application  of  the  _ _         

tern  hiemangiosareoma.  mSlS^'STtw  ™i?,?'t*;  «^  w 

If  in  a  lyinphangiosarcoma  of  "od  pigumL  x  son. 
the  skin  there  is  such  a  rapid  de- 
velopment of  the  cell-iicsts  that  the  space  between  the  vessels  becomes 
wholly  filled  with  cells,  so  that  the  framework  of  the  tnmor  comes  to 
consist  only  of  blood-veawls  (Fig.  303),  it  becomes  an  open  qaestioD  as 
to  whether  tbe  tnmor  should  be  called  a  lymphangioendothelioma  or  a 
hfemaugiosarcoma. 

Porti,  in  hia  work  on  tumors,  hasentirely  separated  the  enJolAWuMnataClymphaimio- 
and  hfemangio-endotlielioinB)  from  the  sarcomata,  and  has  attempted  to  dbaa  tbem  as 
an  especial  form  ot  neoplasin.  In  so  tar  as  typical  microscopical  pictures  are  concerned. 
such  a  separation  i9  indeed  passible,  but  the  endotheliomata  in  fcenemi  do  not  sbov  in 
all  portions  so  typical  a  structure  that  they  can  be  distinpiished  from  ordinary  sarco- 
mata. Further,  it  is  by  no  means  determined  that  endothelial  cells  of  the  lymph- 
spaeea  and  vesaela  do  not  take  part  in  the  fonnation  of  aarcomata.  It  seems  to  nw. 
therefore,  better  to  consider  the  endothelioma ta  as  an  especial  form  of  sarcoma  in 
which  the  structure  of  the  tumor  still  permits  us  to  see  that  undoubted  endothelial  oelli 
give  rise  to  the  cell-masses. 
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g  116.  Sarcomata  which  acquire  a  peculiar  character  through 
especial  products  of  the  cells  or  through  changes  In  their  ground- 
substance  are  to  be  foandboth  amoiig  the  simple  aiid  the  organoid  forma. 
The  chief  types  belonging  in  this  class  are  the  melanosarcoma,  chloroma, 
osteosarcoma,  osteoid  sarcoma,  tbe  petrifying  sarcoma,  psammoma,  and 
the  sarcomata  containing  hyaline  formations. 

Melanosarcomata  occur  in  tissnes  which  contain  pigmented  connec- 
tive-tissue cells — chramatopborea.  They  develop  most  frequently  in  the 
choroid  of  the  eye  and  in  the  skin.  In  the  latter  case  they  arise  chiefly 
frontt  pigmented  moles  and  lentigines.  They  belong  to  the  malignant 
sarcomata,  grow  into  the  neighboring  tissues,  and  give  rise  to  metastases. 
The  fully  developed  tumor  is  in  whole  or  in  part  smoky  gray  to  black  or 
brownish- black,  the  color  being  duo  to  the  presence  of  round,  angular, 
fusiform,  and  branched  cells,  which  are  filled  with  yellowish-brown  pig- 


ment  granules  (Figs.  304,  6,  e;  305,  c),  or  are  stained  a  diffnse  yello*. 
In  the  alveolar  forma  both  tbe  large  oell-Dests,  as  w«ll  as  the  smaller  ceU> 
of  the   supporting    framework,    may  contain   pigment.       It   is  ortec 
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especially  abundant  in  the  neighborhood  of  the  blood-vessels  (Figs.  303, 
e  /  304,  k) ;  but  this  pigment  is  not  hemosiderin. 

The  metastases  are  likewise  more  or  less  pigmented  (Fig.  305)  ;  and 
the  smallest  ones  may  consist  essentially  of  pigmented  cells  (e,  d).  Cases 
occur  in  which  numerous  organs,  the  skin,  muscles^  pia,  serous  mem- 


Fio.  307. — Sarcoma  ossificans.     (Formalin,  nitric  acid,  hsematoxylin.  and  picrofuchsin.)    a, 
Sarcoma  tissue;  5,  new-formed  bone;  c,  areas  of  transition.     X  40. 
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They  may,  therefore,  be  classed  with  the  lymphoBarcomata.  They  maiy 
be  associated  with  a  lympbtemia.  Becent  studies  (WarthiD,  Klein  and 
Bteliihaua,  etc. )  show  that  chloromata  are  primary  tumors  uf  the  bune- 
marrow,  arising  from  the  parent-cells  of  the  white-cells.  Some  consist 
chiefly  of  myelocytes,  either  ueutrophile  or  eosinophile,  while  others  are 
compoBed  of  cells  resembling-lymphocytes.  There  is  osnally  an  associ- 
ated leukteuiio  condition  of  the  blood. 

According  to  Cliiari  and  Gmber,  the  green  color  is  due  to  the  preseDce 
In  the  cells  of  small  shining  sphemles  which  give  the  microchemical 
reactions  of  fat.  In  harmony 
with  this  view  is  the  fact  that  the 
color  disappears  in  alcohol.  On 
the  other  band,  von  Reckling- 
hausen holds  that  the  color  iB  a 
property  of  the  parenchyma  and 
that  no  morphological  elements 
are  the  carriers  of  the  color. 

Osteosarcomata  or  cwsffylns 
larcomata  occur  chiefly  in  con- 
nection with  tlie  skeleton  and  are 
oharacteriEed  by  the  new-forma- 
tion of  bone  within  sarcomatoos 
tisKue.  The  new  bone  arises  at 
times  from  a  thick  homogeaeous 
gronnd -substance  (c,  f,)  formed 
between  the  tumor-cella  (Fig. 
306,  ft)  which  is  either  connect^ 
(c)  with  the  old  bony  trabeculie 
(o)  or  arises  independently  (c), 
or  at  other  time«t  from  a  coarsely  Bbrillated  connective  tiasne  (Fig.  307, 
«)  which  gradually  becomes  condensed  (ft)  and,  taking  up  Itme-mltB,  is 
transformed  into  bone. 

Osteoid  Mroomata  devdop  in  the  endoetetuu  and  periosieaiD,  and 
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are  characterized  by  a  tbicfeening  of  the  gronnd-substaDce  in  certain 
areas,  bo  that  there  are  formed  trabeeulai  of  otdeoid  tiiuiae  (Fig,  308,  &). 
Snch  tumors  are  closely  related  to  the  osteosarcomata,  but  differ  from 
them  in  the  abseuce  of  deposits  of  lime-salts. 

Petrilying  sarcomata  likewise  occur  most  frequently  in  connection 
with  the  skeleton,  and  are  characterized  by  the  development  between 
the  tumor-cells  of  trabeculfe  of  a  delicate  ground-aubstauce  (Fig.  309, 
c),  through  the  calcijicaium  (d)  of  which  the  tumor  tissue  liecomes  hard- 
ened, altbongh  uo  typical  bone  is  formed, 

Psammomata  or  sand  tumors  (acervulomata)  aie  sarcomata  or  fibro- 
sarcomata  of  the  dura,  inner  meniuges,  or  pineal  gland,  which  contain 
concretiont  o/lime-salts  in  greater  or  less  abundance.  Some  of  these  con- 
cretions are  similar  in  structure  to  the  normal  brain-sand,  the  basis  of 
their  formation  being  concentric  layers  of  cells  which  have  undergone 
hyaline  degeneration  (Fig.  310,  a,  b,  c).  Occasionally  the  chalky  spher- 
ules lie  inside  of  individual  cells  and  represent  hyaline  products  of  the 
cells  which  have  later  become  calcified.  Others  are  more  of  the  nature 
of  spicules  {d),  and  arise  through  the  deposit  of  lime-salts  in  connective 
tissue  or  blood-vessels  which  have  undei^one  hyaline  degeneration. 


ia  with  prulireratliiK  eDdoibellum  aDiTbjallnH  gpiwf ults. 

Psammomata  nsnally  form  round  nodules,  and  may  be  of  multiple 
occurrence, 

Sarcomata  with  hyaline  formations  (the  myxosarcomata  excepted) 
arise  as  follows:  Either  the  ceUs/orm  hyaline  products,  or  they  themaelwa 
becotne  converted  into  such,  or  the  fully  developed  connective  tissue  and  the 
btood-resseU  undergo  hyaline  degeneratimi.  These  changes  may  take  place 
iu  simple  sarcomata  as  well  as  in  endotheliomata  and  htemangiosarcomata ; 
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but  oi'cur  maeh  more  frequently  in  the  last-named  tamor-forms  (Fi^ 
307,  />;  302,  d:  311;.  The  hyaline  masses  maj-  form  spherules,  oreloV 
like  foruifly  or  cords,  or  net-like  or  caetus-like  figures.  They  posh  tb* 
cells  apart,  and  often  reduce  them  to  narrow  strands.  Billroth  has  de>- 
ignsited  such  tumors  as  cylindromaia.  In  endotlieliomata  the  hyaliDede- 
frciicnition  nuiy  In*  sisso(*iated  with  the  fonnatiou  of  laminated  nuant^uf 
flattened  cells  like  the  layers  of  an  onion^  around  a  nucleus. 

Hyaline  degeneration  of  the  vessel -tcalls  and  of  the  conneetive-iissue  huitSft 
n*Hults  in  a  thickening  of  the  ssune  (Fig.  304,  d),  sometimes  uniformly 
and  sometimes  irregularly  distributed.  Hyaline  products  of  c^^havca 
tendency  to  assume  a  spherical  form  (Figs.  297,  b:  302,  d;  311,  e.^- 
The  disintegration  of  larger  cell -masses  with  hyaline  change  leads  to  the 
extensive  formation  of  hyaline  spherules,  strands,  or  branching  stme- 
tures. 

If,  in  endotheliomata  and  angiosarcomata,  the  cord-like  masses  of 
cells  which  have  been  formed  within  the  lymph-  or  blood-vessels  bec«>me 
conveiled  into  hyaline  masses,  there  will  be  produced  formations  which 
gr«»utly  res**mble  glands  containing  colloid  (Fig.  311,  d) ;  and  which 
have  often  been  mistaken  for  such. 

Hiffhert  regards  the  melanosarcoma  as  an  especial  form  of  tumor  arising  from  Ube 
chroniatophori'fi,  and  would  for  this  reason  separate  it  from  the  sarcomata  as  an  imliTid- 
ual  tiimor-type.  It  in  to  l>e  noted,  however,  that  in  the  development  of  the  melAncitif 
sarcoma  other  cells  besides  the  chroma tophores  take  on  proliferative  activity:  SLiths: 
melanotic  sarcomata  can  b<>  regarded  only  as  sarcomata  in  whose  development  ceitah 
cells,  which  possess  the  power  to  form  pigment,  have  taken  part 
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2.  The  Epithelial  Tumoes. 

(a)   General  Remarks. 

S  117.  Tbe  epithelial  tumors  are  new  growtlis,  in  the  formatioD  of 
which  Iwth  vascular  eounective  tissue  and  epithelial  cells — that  is,  cells 
\i'bich  are  derived  from  cither  superficial  or  glandular  epithelium — take 
]><i['t.  The  distribution  of  epitiielium  and  connective  tissue  follows  in 
gt'iieral  the  normal  arrangement  of  these  tissues,  the  connective  tissue 
either  forming  a  basement  structure  whose  surface  is  covered  with  epi- 
thelium (skin  and  mucous  membranes),  or  forming  a  network  or  stroma, 
ill  the  meshes  of  which  the  epithelial  cells  are  disposed  (glands).  The 
imitation  of  th<!  first-named  structure  leads  to  the  formalion  of  paplliary 
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new-srowths ;  that  of  the  second,  to  the  formation  of  more  or  lea 
sharply  circumscribed  nodules  or  to  extensive  superflcfal  tfakkeniiiES 
of  tissue. 

According  to  the  physical  characteristics  aud  grouping  of  tbefpi 
tbelial  cells,  as  well  as  the  clinical  behavior  of  these  tnmors,  epilbeliil 
new-growths  may  be  divided  into  two  groups ;  one  gronp  including  tbe 
papillary  epithellomata,  adenomata,  and  cystadenomatA ;  the  othfi 
the  carclnomata  and  cystocarcinomata.  The  first  group  is  cbaracteriwl 
clinically  by  the  benign  character  of  the  growths,  trhidi  are  dtarpljfi'- 
cum«n-ibed  and  form  no  metatlatea.  The  second  gronp,  ou  the  other  basd. 
includes  the  malignant  new-growths,  irAtcA  grow  by  inJiltratioH  and  gi" 
rise  to  metofiaaes.  The  two  gronps,  however,  are  not  sharply  sepuatot 
from  one  another,  aspapillaryepitbeliomataand  adenomata  may,  tbroogh 
changes  in  the  mode  of  reproduction  and  the  manner  of  spreading  of  th 
epithelial  cells,  become  changed  into  carciuomaUi. 

Bt  vsrioiiB  Genn&n  BUthors  all  epithelial  tuinorB  are  called  epiihtliojnata,  the  t«- 
niga  forma  as  well  as  the  malignant.     The  French  apply  the  term  ^itbelioau  lo 


justified  from  the  scientific  side,  but  is  not  practical.  .     . 

versally  used  that  it  would  not  be  easily  given  up.  If  we  apply  the  term  epithdioni*  t.- 
both  carcinoma  aod  adenoma,  we  are  deprived  of  any  especial  dcsignatioii  for  the  br- 
nign  epithelial  tumors,  and  we  are.  therefore,  forced  to  use  various  modifying  unrn 
in  order  to  express  clearly  the  tumoi^form  meant.  The  adenoma,  for  example,  vaM 
have  to  be  designated  as  epithelioma  adenomatosum  benlgnum. 

(b)  Papillary  Epithelioma,  Adetumui,  and  Cy^adenoma. 

g  lis.  A  papillary  epithelioma  is  a  new -growth  which  is  compo«d 
of  a  framework  of  connective -tissue  papilla  covered  with  epithelial  cells- 
In  structure  it  is  therefore  similar  to  the  papillae  of  the  skin ;   bat  the 


Fio.  313.— Senfle  bornr  wut  of  to. 
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papillffi  of  the  new  growth  are  as  a  rule  higher  and  often  bmnchedj  and 
the  epltheliiil  covering  thicker. 

The  papillary  epithelioma  of  the  skin  occurs  in  the  form  of  warlij 
protuberances,  which  consist  of  slender  papilUe  (Fig.  312)  covered  with 
epithelium,  the  superficial  layei-s  of  which  show  marked  corni&catiou 
(^ichiAyotie  xoartg  and  homy  xcarU).  These  warts  may,  like  the  fleshy 
warts  (see  §  108),  appear  during  childhood  {icMhyoHc  vxtrts)  as  well  as  in 
old  age  {verruca  seailia).  The  first-named  form  represeats  a  local  mal- 
formatiouof  the  skin  (Fig.  312);  while  the  last-named  is  due  to  a  patho- 
logical proliferation  and  coruification  of  the  epithelium  (Fig.  313,  c,  d) 
followed  by  an  outgrowth  of  the  papillie  at  the  periphery.  An  exces- 
sive comification  of  the  epithelium  over  hypertrophic  papillEe,  giving 
rise  to  cylindrical  or  conical  masses  of  horny  cells  in  which  the  homy 
layers  lie  at  right  angles  to  the  surface  of  the  skin,  leads  to  the  forma- 
tion of  a  ciUaneaus  horn  or  comu  aUaneum  (Figs.  134  aud  135). 

Papillary  eplthellomata  of  the  mucous  membranes  occur  either 
iu  the  form  of  warty,  nodular  formations  (Fig.  314,  e,  /),  or  in  that  of 
Long,  slender,  papillary  excres- 
cences (Fig.  315,  a),  which, 
springing  from  a  narrow  base, 
iire  often  repeatedly  branched. 
The  former  variety  is  found  es- 
pecially frequently  in  the  lar- 


:.    Natural  >lie. 

Fig.  315.— Psptllarr  epMbellnma  or  Ibe  urlDur  bladitur.    a,   EpLilH-llnma :  b.c.  eDlargix]  pnnute;   d, 
thtckened  bUdder-wBll,    Flve-dxtlu  niilural  size, 

ynx,  more  rarely  in  the  nose  and  urinary  bladder;  the  latter  most  frequent- 
ly in  the  urinary  bladder  and  pelvis  of  the  kidney,  vaginal  portion  of  the 
Qterns,  and  more  rarely  in  the  ureters,  gall-bladder,  and  biliary  passages. 
In  both  cases  theexcreacencesare  formed  of  slender,  connective-tissue 
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vaacalar  papillie  (Fig.  316)  which  contain  blood-resselB,  and  are  corend 
by  a  thick  layer  of  epithelimu.  The  character  of  the  epithelium  corre- 
Bpoiidsiii  geucral  to  that  of  the  part  in  which  the  growth  occurs,  bat 
papillomata  covered  withstmtificd  sqaamous  cells  are  sometiiDes  swi  ia 
regions  which  normally  possess  cylindrical  epithelium  (nose,  tracliea). 

Papillary  epithellomata  in  dilatation-cysts,  which  are  also  callM 
papillary  cystomata,  occur  most  frequently  in  cysts  of  the  ovMrawi 
in  rysls  of  the  ducts  of  the  mammary  gland,  more  rarely  in  aOwnmalii 
(dermoids)  of  Ihe  skin.  Within  the  cyst  are  formed  small,  wa^tvel^ 
vations  or  can  li  flower- 1  ike  tnmors,  which  under  certain  conditions  may 
fill  the  entire  cyst-cavity.  Their  stnicture  corresponds  to  that  of  tlK 
similar  excrescences  in  papillary  adenocystomata  (see  §  120),  or  the  pap- 
illary epithcliomata  of  the  skin  and  mncons  membranes. 

Papillary  epithellomata  ot  the  surface  of  the  ovary  appear  iu  forms 
similar  to  those  of  the  urinary  bladder,  but  are  rare.     Papillary  epitb^ 


tia.  81S.— PapllIBrr  epitlielloma  ot  Uw  urlnur  btulder  (mlcobol,  bamabiXTllii.  eoMn).   X  X. 

liomata  of  the  cerebral  ventricles  take  their  rise  in  part  from  the  tels 
choroides. 

It  1b  difBcult  to  draw  a  sliarp  line  betwcea  fMpillary  epKhdloinata  »nd  oMf 

on  the  eilenul 
J  clowljtiwn- 

...  J    .._„ ____,   point  of  rfiflf- 

If  tlie  connective-tissue  fmmework  of  the  paptllary  outgrowths  la  derrl^H 
to  a  greater  extent  than  the  epithelium,  the  tumor  may  be  eluded  with  the  papnW 
fibromata,  and  It  becomes  a  question  of  individual  Bt^ndpoint  as  to  which  doignsii'i 
shall  be  employed.  In  termed  in  ti-  fiinnscanbedesignnli'd  as  papillary  flbrocftltlicSo* 
mata.  Fiaally.  the  bcnicn  papillary  epitheliomaiu  uia;  pass  over  into  mrrilHy^*' 
either  through  the  growtli  ot  the  epithelium  at  the  base  of  the  papilln  Into  the  iiwlf'- 
lying  connective  tissue,  or  through  tlie  extenHion  of  the  proliferating  surface  epilhelruB 
upon  neighboring  organs  {as  in  tlie  case  of  tlio  papillary  epithellomata  of  the  ovuj)- 

Among  the  epitheliomata  may  be  classed  those  formations  known  as  cholestcitB- 
nuita  or  pearl  tumors,  wliich  in  part  are  caused  by  Inflammation,  and  in  part  rrprp- 
sent  mispiacMl  embryonal  tissue.  The  Diost  striliing  characteristic  of  the  cliofestniluiia 
ia  the  formation  ot  glistening  white  pearls,  which  consist  of  thin,  scale  like  epilWiil 
cells  pressed  closely  together,  and  often  inclose  cholcsteria.    These  tumors  m  1^°^ 
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[Dost  frequently  in  tbe  descendinc^  urinary  passages,  the  cavities  of  the  middle  ear,  and 
the  pia  of  the  brain;  very  rarely  In  that  of  the  spinal  cord. 

Pathological  comifications,  with  the  formation  of  glistening  white  scales  and 
pearls,  occur  in  the  urinary  passages,  particularly  in  the  course  or  chronic  inflamma- 
Lions.  In  the  tympanic  earitp,  mastoid  antnim,  and  external  auditory  canal,  the  chole- 
steatomata  appear  as  yellowish- white  or  bluish -white  nodules,  varying  in  size  from  that 
of  a  cherry-stone  to  that  of  an  eg^,  and  presenting  an  onion-like  laminated  structure. 
Through  their  pressure  upon  the  neighboring  bone  they  may  cause  its  disappearance. 
They  arise  as  a  product  of  squamous  epithelium  which  lias  penetrated  from  the  ex- 
ternal ear  through  openings  in  the  ear-drum  into  the  cavities  of  the  middle  ear  and  has 
replaced  the  cylindrical  epithelium,  and  under  especial  conditions  (chronic  inilamma- 
tions)  produces  the  formations  above  described.  It  is  probable  that  in  rare  cases  they 
arise  from  epidermoidal  cells  which  during  the  period  of  embryonic  development  have 
found  their  way  into  the  cavities  in  question. 

The  intracranial  cholesteatoma ta  are  found  at  the  base  of  the  brain  (very  rarely  in  the 
ifpinal  canal),  in  the  region  of  the  olfactory  lobe,  tuber  cinereum,  corpus  callosum,  in 
the  choroid  plexus,  in  the  pons,  medulla  oblongata,  and  cerebellum.  In  these  regions 
the  cholesteatomata  appear  on  the  surface  as  silk-like,  shining  nodules  of  varying  size 
wliich  extend  more  or  less  deeply  into  the  brain-substUnce.  The  nodules  are  single, 
but  cholesteatoma-masses  may  become  separated  from  the  chief  nodule  and  displaced 
into  the  neighboring  tissue.  According  to  BostrOm,  it  is  always  possible  to  demon- 
strate, at  some  point,  a  connection  between  the  pia  and  the  cholesteatoma,  where  the 
scales  composing  the  cholesteatoma  take  their  origin  from  a  cell-layer  lying  upon  the 
vascular  connective  tissue,  the  cells  of  this  layer  throughout  bearing  the  character  of 
epidermoidal  cells.  The  cholesteatomata  of  the  pia  may  therefore  be  designated  as 
epithelionuitn  or  as  epidermoids  {Bosirdm) ;  and  their  origin  may  be  explained  by  the  as- 
sumption that  in  the  early  period  of  development  epidermal  germs  are  misplaced  into 
the  anlage  of  the  pia.  According  to  Bostrom,  this  takes  place  in  the  time  between  the 
closure  of  the  medullary  canal  and  the  separation  (by  a  process  of  constriction)  of  the 
secondary  vesicle  of  the  fore-brain  from  the  fore-brain  or  the  'tween- brain,  and  the  separa- 
tion of  the  after-brain  vesicle  from  the  hind-brain  (fourth  to  fifth  week).  These 
epidermoids  may  therefore  be  classed  with  the  teratoid  tumors  (see  Teratoma). 
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g  lift  The  adenomata  are  nBually  nodtdar  tutnws  with  skartdj 
defined  borders;  and  are  situated  within  glands,  or  in  the  slcin  ormncQic 
membranes.  In  the  latter  sitnations  they  not  infreqaently  appear  mtix 
form  of  polypi  elevated  above  the  surface.     They  may  occur  also  iu  tlir 


form  of  papillary  proliferations  (Fig,  241).  The  absence  of  any  tcndencr 
to  grow  by  infiltration  or  to  produce  metastases  stamps  these  growths  as 
beni^  tumws. 
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The  chief  characteristic  of  the  adenoma  is  the  formation  of  new  glands, 
which  depart  more  or  less  from  the  typical  glauda  of  the  affected  organ. 
According  to  their  structure  adenomata  may  be  classed  as  tuimlar  or 
acinoua;  but  these  two  forms  cannot  be  sharply  separated,  the  one  from 


Fto.  310.— AdeDmn*  muDnue  lubulare  (alrobol.  >luin-(«nalne).    it.  Bnnrhed  tnd  dOated  glandular  vacM 
cut  londludlnallj ;  b.  lanie.  cut  Intaremaj ;  c  WniQu.    X  ST, 

the  other.  Throagh  the  fonnation  of  papillary  excrescences  on  the  inner 
walls  of  the  gland-spaces  there  is  formed  an  adenoma  paptRiferum. 

The  stroma  supporting  the  glands  consists  in  part  of  preexisting  con- 
nective tissue,  and  in  part  of  that  which  has  been  newly  formed. 

Adenomata  develop  either  in  normal  tissue,  malformed  tissue,  in  tissaea 
hMcA  have  been  aitered  by  ^sease  (inflamed  mucous  membrane,  cirrhotlo 


TlD- on.— AdeooniB  maniTnig  •Iveotam  (alcobol,  alnm-cwmjiie).    a,  Terminal  alTwU;  b,  Bland-dixia ;  e. 

liver,  contracted  kidney,  ovaries  containing  scar  tissue),  or  from  remains 
of  fatal  strttdurea.     The  new-foi*mation  of  glands  is  dependent  upon  a  pro* 
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liferation  of  the  gnrface-epitbelinm  or  of  glandalar  epithelinm,  the  a^p 
or  this  process  being  Himilnr  to  those  occurring  in  the  rc^ueration  nf 
normal  gland -tissue.  The  beginniug  of  the  adeiiomatons  proliferatiuD 
may  be  recognized  by  changes  in  tlie  form  and  staining  of  the  c^lk 
This  is  particularly  easy  in  the  ciise  of  the  stomach  and  intestine  in  wlmli 
adenomatous  proliferations  so  often  develop  in  connection  v'ith  iaSm- 
matory  and  ulcerative  processes.  The  change  of  the  gland-cells  iiiio 
high  cylindrical  cells  staining  intensely  may  occur  at  the  same  time  nr 
successively  in  a  number  of  glands  and  is  then  followed  by  ccll-proliftia- 
tion  and  new-formation  of  ghmds. 

The  cause  of  the  new-formation  of  gland-tissue  within  normal  organ:: 
is  wholly  nnknown.  Glandular  new-formations  developing  in  tissiie> 
vhicb  hate  been  altered  by  inflammation,  and  which  lead  to  tmaor-lik 

growths,  may  iu 
the  hegiiioiiiE 
bear  the  cba^l^ 
ter  of  a  regcwr- 
ative  or  hypw- 
plastic  newfor- 
in  at  ion,  and  U^ 
this  reason  ibe 
adenomata  ton^i 
be  gharpJn  iHfff- 
entiated  '/n-m  re- 
gemratire  i>^ 
bgjterplaiiie  pm- 
li/ertilionH. 

Tu  bulir 
adenomata  n-p- 
resent  tbe  m-ox 
common  fomi  of 
the  adeuouiat.i 
They  occur  jiar- 
ticniarlv  in  m"' 

FiQ,  321.— Developing  papillary  aiJenoma  o!  the  kirtnpy,  (Alcobo),  ,„„„  „,~„,KpqiiBi 
btmaioiyUn,  plcrotuchsin.)  o.  6,  Fully  devdopwl  liimor-tissuB;  C.  d,  COUS  nipnilvraiin 
earlyalagesordevelopmentor  ttielumor.    x  t&O.  (FigS.  31';S1^' 

f)  provided  wiHi 
tubular  glands  (intestine,  uterus);  but  are  found  also  in  such  glands  a-^'br 
breast  (Fig.  319),  liver,  ovary,  and  not  infrequently  in  the  kidiie.T'^ 
They  are  characterized  by  the  fonnation  of  simple  and  branched  glaDd-tu- 
bnles  (Figs.  317,  a,  6;  318,/;  andSlS,  a,  b)  which  arelined  by  simple  wl- 
nmimr  or  cubical  epithelium  and  form  nodular  tumors  varying  in  sizefr<"^ 
that  of  a  pea  to  that  of  an  apple  or  a  man's  list,  or  rarely  even  largw- 

The  alveolar  adenomata  arise  from  glands  (mamma,  ovary,  thvTiiHl' 
sebaceous  glands) ;  and  are  cbaracterized  by  the  formation  of  numerous 
terminal  berry-like  alveoli  (Fig.  320,  a),  as  well  as  gland-dncts  (ft). 

Papillary  adenomata  (Fig.  321,  a)  arise  through  the  formation  ffilhi" 
the  tubules  of  an  adenoma,  of  little  elevations  of  epithelium  into  earb "' 
which  a  connective-tissue  papilla  grows.  The  local  epilhelial  proUff- 
ation  (c)  and  the  formation  of  papillce  (5)  may  accompany  the  atj-pii"' 
gland -formation. 

The  stroma  of  an  adenoma  is  at  times  well  developed,  at  other  limf* 
bat  slightly,  and  consequently  adenomata  may  be  divided  into  i"'^ 
(mammary  gland)  and  soft  varietieii  (kidney,  liver,  ovarj',  lesticle).  i" 
especially  marked  development  of  the  connective  tissue  leads  to  the  fee 
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mation  of  f  Ibro-adenomata  or  fibrous  adenomata.    Such  forms  occur  mo6t 
frequently  in  tbe  mammary  gland. 

If,  as  happens  not  infrequently  in  the  mamiuan,'  gland,  the  connec- 
tive-tissue proliferation  in  an  adenoma  is  not  of  a  diiiiifie  character,  but 
takes  place  particularly  around  the  eanaliculi  (see  Fig.  250),  the  tumor 
is  ordiasrily  designat«d  as  a  Jibroma  perican^iculare.  If,  aa  tbe  result 
of  more  marked  local  proliferative  activity  on  tbe  part  of  tbe  connective 
tissue  CFig.  322,  c,  d,  e),  an  ingrowth  of  rather  broad  and  short  papills 


fom:  InlerranallPulBr 


imre  (Dbro-Bdenoms  papllllfpnimt  lilcohol,  Bliim-rsnntne). 


(*•')  inio  the  g)aiid-spa«es  takes  place,  the  resulting  tumor  is  known  as  a 
fibroms  intracanallculare.  According  to  its  genesis  such  a  tumor  may 
also  l>e  appropriately  designated  a  fib ro-ade noma  papilliferum. 

AiUnomaln  ciLDnot  be  eliarply  difftrentialcd  from  ttimor-likc  glandular  liypcrtro- 
pliies  on  tlie  one  hand,  and  carcinomatA  on  the  otLer.  For  exainplo.  in  tlie  lieiiitng  of 
int^sUnal  ulcers  tlic  n'^eDcralivc  prnccsses  In  tiie  glanda  may  be  no  active  as  tn  give 
rise  to  polypoid  formiitions,  whirh  may  either  be  tallcii  glnnd-ular  huptrti-nplurf  of  the 
Diiiooiin  tnembrane.  or  adenmiuiUi,  according  to  the  individual  standpoint.  Lilieivitie, 
dittfrent  names  may  be  applied  to  the  glandular  polypi  ivhith  occur  so  frequently  tn 
ILe  uterus. 

The  eureinomaiout  nature  of  a  new-growtli  resembliog  an  adenoma  (sec  %  121)  is 
generally  made  evident  by  a  more  marked  epithelial  proliferation  bd<I  by  its  iufiltnttive 
mode  of  growth.  There  are,  however,  adenomata,  havinff  a  single  loyer  of  culumnKr 
cell)!,  which  grow  by  infiltration  (particularly  in  tbe  intestine),  and  thereby  oasume  tbe 
character  of  malignant  tumors.     Tbey  should  accordingly  be  classed  witli  the  cnrcioo- 


»  itdenoeartinoma.     Oa  Iha  other  Iwnd,  there  mn  tba 
il  epflheliaJ  proliferUioii  (mkmnw,  endoini:tTiiim;^  whick 
— for*  long  timeat  leaat— d'onot  abow  say  malignaiit  characteriatka. 
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§  120.  A  cystadenonu  or  adenocystoma  is  an  ade»oma  «Aosf  ^a»i- 
tpaee*  have  mtdei-ffotte  cytlie  dilatation  thnrngh  the  aetwmiiiatio»  o/Kereiiou. 
Snch  tomors  are  tnnally  com- 
posed of  ntimerous  cysts,  and 
are,  therefore,  designated  »^ 
multllocular  cystomata.  At- 
cording  to  the  character  of  ibe 
cyat-wall  there  may  be  didin- 
gaished  a  tmoaUi-MiiJOfd  or  mmjit 
ryttoma  (cydoma  timpieje).  or  a 
papHli/croHa  cgtloma  [q/itoma  jm^ 
iitiferum'). 

Small  amotmts  of  secretion 
are  often  seen  in  the  ordinary 
adenomata  (Pig.  S17],  and  tb^ 
spaces  of  both  simple  and  pap 
iUary  adenomata  are  often  fo 
wide  (Figs.  319,  a;  322)  tt* 
they  at  once  attract  the  eye  on 
cross-section  of  the  growth.  Id 
Tio.an.-  HHnmnot  iipT'UdnHHiuonrUiiapiiiiiBruiD  cystadenomata  such  cyst-forms- 
mm^r-.<iuw.h«n,..-»jiia,.   x  40.  ^.^^  ^  ^^^^  predominating  feat- 

nre. 


The  early  stages  of  the  eyst«  are  represented  by  gland-tttbt^e*  of  vajy- 
Ing  nhape  (FIkb.  323  and  324,  b),  which  lie  in  a  more  or  less  richlT 
developed  connective-tissue  stroma.     Throngh  the  accumulation  of  seen- 
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tioii  these  tubules  become  gradiiiilly  dilated  bo  that  numerous  small  cysts 
urise  (Fig.  31!5),  or  else  both  large  and  small  cysta  (Figs.  32f>-33U)  are 


Fra.XM.— Adenorrstoma  o1 


foimed.     Often  tlie  I'elnl  ion  ship  is  such  that  the  tumor  may  consist  of  a 
few  lai^  cysts  (Fig.  329)  in  whose  walls  smaller  cysts  occur ;  or  there 


Fio.  316.  ¥ia.  310. 

PlQ.  USj.— BectfOD  ol  a  portion  o[  a  multlloculsr  sdeDW^UHua  of  Uie  ovuj.    Iti<dured  about  ni>e4litlki 
FiO.  KS,— BecllOD  ttuougti  an  adenocyHoma  Ot  Uie  [«Us  of  a  tour-jesrflM  bor.    Natunl  slie. 


T  purenrMra*:  ^ln™■ 


10.  vs.— CnloniB  o[  Uie  kldoer.  cut  tmunnelr.    ElereD-fouiteaiUia  mtufml  di 
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may  be  found,  by  the  side  of  large  cysts  (Fig.  327,  c),  portions  of  tissue, 
whieli  contain  only  small  cysts  (e)  or  even  appear  solid — that  is,  consist- 
ing of  a  tissue  the  glands  of  which  are  not  dilated. 


Fro.  SW.—AdenoFTiUiqiB  ovmrll  pwtlm  simplpi.  p 
piplltaiT  KiDWth  mvereil  wtlh  simple,  muous-fonnlnj 
IJCvwDi  In  Ue  perlConeuiD.)    KeducM  ODtstblnl. 

All  the  different  varieties  of  cystomata  may  develop  in  the  < 
(Figs.  325  and  329),  testicles  (Fig.  326),  liver  (Figs.  324  jiud  327). 
kidneys  (Fig.  328),  and  the  mammary  glands. 


1  pupillary  ulenocTnanu  of  m 
budened  Id  cliromlc  add.) 


452  TUMORS. 

lu  the  ovaries  cystomata  not  infrequently  develop  coincidently  on 
both  sides,  and  may  be  associated  with  dermoid  formations.  Adenoev^ 
tomata  of  the  testicles  not  infrequently  inclose  within  their  stroma  foci 
of  cartilage  or  other  tissne,  so  that  such  growths  should  be  classed  with 
the  ieratomata  (5J 128), 

The  epithelial  lining  of  cystomata  is  usually  composed  of  simple  (^tdnm 
liar  cells,  but  may  be  a  ciliated,  cubical,  or  flattened  epitheliaiu. 

The  cyst-contents  usually  consist  of  a  clear,  often  distinctly  ropy  flald 
which  contains  a  muciu-like  substance  (pseudomucin,  see  §  59).  ThL< 
stil^stauce  is  a  product  of  the  epithelial  lining  in  which  goblet-CflLs  are 
often  found  (Fig.  331,  c).  Xot  infrequently  the  fluid  also  contains  vhit- 
ish  flakes,  the  products  of  cells  which  have  undei^one  fatty  d^eueration; 
or  it  may  be  more  or  less  cloudy  or  reddish  or  brownish  from  previoaslv 
o(;curriug  haemorrhages.  An  abundant  secretion  in  many  cysts  may  lead 
to  the  fonnation  of  tumors  of  enormous  size ;  in  the  ovary,  for  example, 
they  may  resvch  a  M'eight  of  from  ten  to  twelve  kilograms  or  more. 

The  papillary  adenocystomata  constitute  a  common  variety  of  adeoo 
cystoma.  They  are  characterized  by  the  fact  that  sooner  or  later  jwpii 
lary  excrescences  develop  in  the  glands  which  have  undergone  cystic 
degeneration. 

In  the  lulenocystomata  of  the  ovary  these  excrescences  are  iLsoall.v 
slender  and  delicate,  forming  villous-like  outgrowths  (Fig.  330)orcanli 


.1!^ 


f  V»'  r  *  \'f.-T       /.     •     tV'  -■  -  -      •  .-'-^  ■  .    '     ••      '*  'I 


Pto.  X)l.— Cyrtoma  iwpllllfeniin  ovarii  (Mailnr*8  fluid,  lueniAloxyliii,  eodn).  a,  Stnxni  vltb  P^^ 
h«  ffland-tubule  with  small  papmae;  c,  blffb  cylindrical  epItbeUam;  d,  mncus-eootainlnir  cells,  vtditB  "^ 
eytt-«par«>!«.    X  IfiO. 

flower  elevations,  which  may  fill  up  a  larger  or  smaller  part  of  the  cys*^ 
Minute  i>apillary  elevations,  extending  over  an  extensive  area  of  tl»' 
inner  sui-face  of  the  cyst-wall,  may  give  to  the  latter  a  wlvety  api«ar 
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ance  similar  to  that  of  a  moeous  inembmne.  If  the  excrescences  develop 
ill  cysts  of  small  size,  they  may  fill  these,  and  the  tissue  may  thereby  Ijike 
oil  the  appearance  of  a  dense,  nou-cystic,  medullary  tiuiior,  though  from 
the  cot  surface  more  or  less  mucns  cud  usually  be  obtained. 

Larger  papillie  are  always  more  or  less  branched  (Fig.  331),  and  con- 
sist of  a  cellular  stroma  (a),  whose  surface  is  usually  co^ereil  -nith  tall 


oaloirUD).   a,  PlbrcHU  MnrniB;  b,  papilla;  wtalch  J 

colomoar  cells  (c)  of  the  character  of  goblet-cells.  The  contents  of  the 
cysts  consist  of  ropy  mucus  {d)  mingled  with  more  or  less  numerous 
Ueaquamated  cells  which  have  undergone  mucous  degeneration,  or  the 
remains  of  sncli  cells.  In  rare  cases  the  connective  tissue  of  the  papillie 
may  undergo  a  mucous  degeneration  (Fig.  332,  a,  b),  and  may  swell  to  a 
marked  degree,  and  fiually  become  changeil  into  myxomatous  spheres 
covered  externally  with  epithelium. 

Adeuocystomata  of  the  liver,  testicles,  and  kidneys  usually  form  no 
papillie,  or  at  most  very  small  ones.  In  the  papillary  adenocystouiata  of 
the  mammary  gland  the  excrescences  are  usually  broad  and  plump  (Fig. 
3.13),  as  is  the  case  with  those  of  the  papillary  adenomata  (Fig.  322). 
Accordingly,  on  the  cross-section  of  such  tumors  the  cyst-spaces  are  found 
to  be  filled  with  polypoid  proliferations  of  various  forms  (Fig.  333), 
which  .are  often  fattened  through  mutual  pressure,  and  gi^e  to  the  sur- 
face of  such  a  cross-section  a  laminated  appearance. 

^ince  in  these  tumors  the  con  necti\e- tissue  elements  predominate  over 
the  epithelial,  these  growths  are  often  classed  with  the  'c<niae<iire-ti»9ite 
tumors,  and  designated,  according  to  the  character  of  the  connective  tis- 
sue, as  cy»toJU)roma,  eygtomyxomn,  or  cystosarroma.  When  showing  a 
structure  of  leaf-like  layers  they  have  received  the  mime  of  sarcoma 

The  pap3iary  adenoeydomata  show  a  certain  maHgnancy,  even  when 
the  papillie  are  covered  with  a  simple  epithelium  (see  cystocarcinoma). 


This  is  shown  in  the  first  place,  in  the  fact  that  the  papillary  prolifn- 
atiouB  may  break  thmugh  the  cyst-wall,  in  the  case  of  snch  tnmoni  nf 
both  tJie  ovary  and  inanimary  gland,  and  in  the  latter  situ^on  they  may 


FlQ.  3S3.— PsplllUT  CTatoma  or  Inlreraiullrular  [MpllJar;  Ohnrnia  of  Uie  bieait.  Itild  op«a  ti?  *  knA 
ludlnal  IdcIbIoq.    Une-ball  natunl  slK. 

also  break  through  the  skin.  Papillary  ovarian  cystomata  (Fig.  32ft  i) 
may  in  this  way  give  rise  to  metastases  in  the  peritoneal  cavity,  awl 
these  in  tnru  display  the  characteristics  of  papillary  epithelioniata. 

The  a(Unoeyitomata  represent  a  variety  of  tumor  which  possesses  no  shBrply  defiof^ 
limits;  for  example,  papilWy  cystomata  maj  arise  from  the  development  of  paptili{7 
excresceoces  Jii  dllauitJOD-cysts  whicl^  are  formed  Irom  pre-uxisting  glands  (»«  ^  H^)- 
FiiTtlier,  nialformationsof  organs— for  example,  of  tLe  kidneya(R^.  S38)— niayWl" 
the  formation  of  niultilocular  cystomata,  the  cystic  dilatatioD  aSectiDi;  not  oolv  tbr 
urinary  tubules,  but  also  Mi)lUr'$  capsules.  That  teratoma ta  may  appear  in  the  foro 
of  adenocystomata  has  already  been  mentioned  In  the  text.  Finally,  a  tnuisitioD  fn» 
cystadenoma  to  cystocarcinoma  may  also  take  place. 
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(c)  Carcinoma  and  Cystocarcinama. 

§  121.  The  carclnomata  are  maU{fnant  epithelial  tumors  characterized 
by  infiltrative  growth  and  the  formation  of  metastases. 
They  develop : 

(1)  In  the  skin,  mucous  membranes  and  in  ghmds,  all  of  which  ap- 
peai'ed  to  be  normal,  before  the  development  of  the  carcinoma. 

(2)  In  the  skin,  mucous  membranes,  and  in  glands,  which  have 
already  suffered  changes  before  the  development  of  the  carcinoma. 

(3)  In  already  existing  papillary  epitheliomata,  adenomata  and  ade- 
iiocystomata. 

(4)  From  the  remains  of  foetal  epithelial  structures,  and  from  epithe- 
lial tissues  which  have  been  misplaced  through  disturbances  of  develop- 
ment, and  have  already  developed  into  pathological  formations. 

(5)  From  the  epithelial  tissues  of  the  chorionic  villi  and  placenta. 
The  most  essential  characteristic  of  the  development  of  a  carcinoma 

is  that  presented  by  atypical  proliferations  of  epittielium  whicli  sooner 
or  later  penetrate  into  tlie  tissue  bordering  upon  the  affected  glands 
or  surface-epitlielium.  This  phenomenon  is  usually  accompanied  by  a 
proliferation  of  connective  tissue ;  but  this  is  not  absolutely  essential 
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to  the  development  of  a  carcinomsk  The  tisnue  invaded  by  the  epithelial 
]>roliferation — whether  glandular  tissue,  muscle,  bone,  etc. — is  soootr 
or  later  destroyed  by  the  growth,  although  within  the  stroma  of  the  ear 
cinoma  there  may  occur  a  new-formation  of  other  tissue  than  connective 
tissue,  as,  for  example,  bone. 

The  cause  of  the  atypical  fi^wth  of  epithelium  is  not  known  with 
certainty ;  it  can  only  be  ssiid  that  certain  conditions  favor  such  groirth. 
Thus,  for  example,  old  age  predisposes  to  the  development  of  carcinomatu 
of  the  skin,  inasmuch  as  in  this  period  of  life  the  connective  tissue  of 
the  skin  undergoes  a  certain  amount  of  atrophy  and  becomes  looser  in 
structure,  while  the  epithelium,  at  least  in  part,  continues  to  increaM. 
and  under  certain  conditions  shows  here  and  there  distinct  evidenn^  ui 
increased  activity  (formation  of  coarser  hairs  upon  the  nasal  septum. 
lobes  of  the  ears,  and  in  the  eyebrows).  LikewLse  carcinomata  of  tlw 
mucous  membranes  and  the  glands  usually  appear  in  the  later  years  of 
life,  although  they  may  occur  earlier  in  life,  even  in  childhood. 

A  further  predisposition  to  the  developmeid  of  carcinoma  is  found  in 
regenerative  processes  following  the  destruction  of  surface  epithelium  ami 
glandular  tissue.  These  occur  most  frequently  in  old  inflammatory  yntc- 
esses  that  have  led  to  tissue-destruction  and  new-formations  of  tissiK-. 
particularly^  in  the  mucous  membrane  of  the  intestinal  tract,  gall-bladiler, 
and  uterus,  and  also  in  glands  and  in  the  skin.  In  the  stomach  the  round 
ulcer  (  Ulcus  ex  digestione)  may  form  the  starting-point  of  a  cancer.  In 
the  first  place  the  regenerative  proliferation  following  the  tissue-injun 
may  form  the  bsisis  for  an  atypical  malignant  proliferation.  In  addition 
an  important  r61e  is  played  by  the  snanng-off  and  misplacement  of  epithdki 
celts  into  the  neighboring  altered  connective  tissue^  a  phenomenon  of  frequent 
occurrence  in  the  healing  of  ulcers,  the  growth  of  epithelium  over  gran- 
ulation-tissue, and  in  tuberculosis,  and  other  chronic  infective  granulo- 
mata,  both  in  the  mucous  membranes  and  skin  and  also  in  glands. 

All  these  predisposing  factors  do  not  constitute  the  unique  cause  of 
the  development  of  a  carcinoma.  They  may  exist  for  a  long  time  witb- 
out  giving  rise  to  a  cancer.  It  appears  that  something  else  must  Ih* 
added  to  cause  the  unlimited  atypical  proliferation  of  epithelium,  awl 
what  this  something  is  is  at  present  unknown.  Whether  this  cause  i> 
to  be  found  in  a  bioplastic  stimulus  comparable  to  that  of  fertilization 
or  in  chemical  influences  stimulating  the  cells  to  increased  proliferation 
or  in  the  removal  of  the  influences  that  inhibit  and  regulate  proliferation 
cannot  be  stated  at  the  present  time. 

In  recent  years  the  opinion  has  been  many  times  advanced  and  main- 
tained that  parasites  cause  carcinomatous  and  sarcomatous  prolifer- 
ations. But  the  majority  of  the  appearances  which  have  been  described 
as  parasites  (as  protozoa,  especially  sporozoa,  and  as  yeast-fungi)  have 
not  been  parasites  at  all,  but  degenemted  nuclei  and  nuclear  di\ision- 
figures,  or  leucocytes  inclosed  with;n  tumor-cells,  or  degeneration-pro(i- 
ucts  of  such,  or  products  of  cell-protoplasm,  particularly  keratohvalin 
and  colloid,  or  epithelial  hyalin  and  mucin.  In  the  few  cases  in  whieb 
true  parasites  were  present  in  the  tissues,  this  occurrence  could  very  well 
have  been  a  secondary  infection,  which  in  no  way  could  be  regarded  as  a 
cause  of  the  development  of  the  tumor.  In  not  a  single  case  has  U  h(*'^ 
proved  beyond  aU  doubt  that  parasites  have  been  the  cause  of  either  cardnonin 
or  sarcoma. 

Certain  portions  of  the  intestinal  tract^ — the  rectum,  the  flexures  **( 
the  colon,  the  pylorus  and  cardia  of  the   stomach,   the  oesopbagux 
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I)haryiix,  tongue,  and  gums — are  favorite  seats  for  the  development  of 
cancer.  Cancer  may  develop  in  any  portion  of  the  skin,  but 'it  occurs 
more  frequently  on  the  lips  and  nose  than  on  the  remaining  portions  of 
the  face,  or  on  the  extremities,  and  on  these  again  more  frequently  than 
on  the  trunk.  Of  the  sexual  apparatus  the  parts  most  commonly  aflfected 
are  the  mammary  gland  and  cervical  portion  of  the  uterus;  less  fre- 
quently, though  relatively  often,  the  ovary,  testicles,  body  of  the  uterus, 
vulva,  vagina,  and  penis.  The  liver,  kidneys,  bladder,  trachea,  bronchi, 
lungs  and  pancreas  occupy  a  middle  ground;  while  the  larynx  and 
gall-bladder  are,  on  the  other  hand,  more  frequently  affected. 

Cancer  usually  develops  in  the  form  of  nodules,  whi<ih  are  not  shaiyh/ 
differentiated  from  the  neighboring  tissues;  on  the  mucous  membranes 
they  are  not  infrequently  elevated  above  the  surface  in  the  form  of 
sponge-like,  or  polypoid,  or  papillary  ffrowths.  From  the  point  of  origin 
they  spread  by  an  infiltrative  growtli  of  the  epithelial  proliferations, 
by  which  either  the  nodules  increase  in  size  or  there  are  formed  diffuse 
superficial  thickenings,  as  in  the  case  of  the  intestinal  wall.  The  ovaries, 
testicles,  uterus,  kidneys,  etc.,  may  be  partly  or  wholly  transformed  into 
carcinomatous  tissue.  Often  the  boundaries  of  the  organ  originally 
affected  are  overstepped,  and  the  epithelial  infiltration  extends  into 
neighboring  tissues  and  organs.  Thus,  for  example,  a  carcinoma  of  the 
mamma  may  infiltrate  the  neighboring  fat,  skin,  and  muscle;  one  of  the 
gums,  the  maxillary  bone ;  one  of  the  uterus,  the  vagina,  parametrium, 
bladder,  and  rectum;  a  cancer  of  the  gall-bladder  may  involve  the  liver; 
one  of  the  thyroid,  the  trachea;  and  one  arising  in  the  bronchi,  the 
lungs,  etc. 

The  formation  of  metastases  may  take  place  either  through  the 
lymph-  or  blood-vessels,  and  is  of  very  frequent  occurrence  by  both 
routes.  It  leads  to  the  development  of  secondary  nodules  in  different 
organs;  but  it  may  happen  that  large  lymphatic  areas — as,  for  example, 
the  lymphatics  of  the  lung — may  be  simply  dilated  by  the  new-growth, 
without  the  formation  of  circumscribed  nodules.  The  transportation  of 
(*aneer-cells  to  the  bone-marrow  may  lead  to  a  carcinomatous  degener- 
ation of  the  marrow  of  an  entire  bone  or  of  several  associated  bones. 
Moreover,  it  should  be  noted  that  probably  not  every  transportation  of 
cjincer-cells  is  followed  by  the  development  of  a  cancer,  but  that  many 
of  the  cells  so  transplanted  die. 

The  tissue  of  a  carcinoma  is  sometimes  white  and  soft  like  marrow, 
sometimes  firm  and  dense ;  but  it  is  almost  always  possible  to  obtain  from 
the  cut  surface  more  or  less  of  a  whitish,  cloudy  fluid  called  cancer  juice 
or  cancer  milk.  Very  often  the  cut  surface  presents  a  tough,  fibrous 
framework  in  the  meshes  of  which  the  softer  masses  lie ;  and  from  which 
the  latter  may  be  squeezed  out  by  pressure  either  in  the  form  of  fluid,  or 
as  plugs  or  as  crumbling  masses. 

The  masses  obtained  from  the  cut  surface  through  pressure  and  scrap- 
ing consist,  for  the  chief  part,  of  atypicaliy  proliferating  epithelial 
cells,  the  so-called  cancer-cells,  which  are  found  in  a  great  variety  of 
forms,  and  usually  show  degenerative  changes,  particularly  fatty  de- 
generation. A  true  secretion  of  these  epithelial  cells  is  usually  not 
found;  but  cancers  occur — particularly  in  the  mucous  membranes, 
ovaries,  mammary  glands,  and  thyroid — which  produce  mucin,  pseudo- 
nincin,  or  colloid.  The  amount  of  secretion  may  at  times  be  so  abundant 
as  t<r  lead  to  the  formation  of  cysts  and  thereby  to  cystocarcinoma. 

Retrograde  changes  occur  very  often  in  cancers  at  an  early  stage. 
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They  are  caused  partly  by  the  feeble  vitality  of  the  new  growth,  partly 
by  circulatory  disturbances^  which  may  be  due  to  the  filling-np  of  capil- 
laries and  veins  by  the  ingrowing  cancer-cells,  and  partly  by  external 
causes.  These  changes  lead,  in  the  first  place,  to  a  destruction  of  cancer' 
cells  in  certain  portions  of  the  tumor  and  the  formation  of  central 
cavities  due  to  the  liquefaction  of  the  dead  portions,  so  that,  after  re- 
sorption of  the  dead  material,  the  tissues  often  sink  in,  and  in  this  way 
depressions  are  caused  over  the  surface  of  the  tnmor-nodules.  Such  de 
pressed  areas  are  seen  particularly  upon  primary  cancer-nodules  in  the 
mammary  gland;  and  on  secondary  nodules  in  the  liver,  lungs,  and 
other  internal  organs,  and  are  often  spoken  of  as  cancer 'UmbiHeations. 

The  retrograde  changes  often  lead  to  complete  destruction  of  tumor- 
tissue,  and  thereby  to  the  formation  of  ulcers.  This  occurs  x>articularh 
in  cancers  of  the  mucous  membranes,  these  growths  at  the  patient*s 
death  usually  revealing  a  more  or  less  extensive  ulceration;  bat  such 
ulcerations  also  take  place  in  carcinomata  of  the  mammary  glands  and 
skin.  In  the  latter  situation  the  cancer  may  take  on  the  appearance  of 
a  rodent  ulcer.  The  e<lge  of  such  ulcere  is  sometimes  elevated  and  re- 
sembles a  wall,  or  it  may  be  studded  with  nodides ;  at  other  times  it  is 
more  sharply  defined  and  only  slightly  infiltrated.  The  base  of  the  ulcer 
is  m>metimes  fissured  and  ragged,  and  covered  with  necrotic  tissae;  afe 
other  times  it  is  smooth. 


The  view  th&t  the  canae  of  carcinooui  and  sarcoma  is  to  be  found  in  pnrasitei 

still  finds  adherents,  although  the  investigations  of  recent  years  do  not  support  it. 
Publications  concerning  cancer  and  sarcoma  parasites  have  not  been  wantin^c  (6an/Wi>r. 
Roncali,  Aievoli,  Mafftici,  Secchi,  Foa,  Ruffer^  Piimmer,  Gaylordf  Wlaeff,  Sjijbrin^. 
SchuUer,  von  Leyden,  Feird)erg,  Leopold,  Podwyssotzki^  and  others'),  but  in  the  majohty 
of  cases  proof  has  been  wanting  that  the  supposed  parasites  were  really  living  organisms: 
or,  when  living  organisms  (yeasts,  rhizopods)  nave  been  cultivated  frcnn  tumors, 
there  has  been  no  positive  proof  that  they  stood  in  any  causal  relation  to  the  eiveo 
neoplasm.  The  experiments,  in  particular,  of  Sanfelice,  Wlaeff,  Leopold,  and  Sj^hring 
are  far  from  oflFering  any  convincing  evidence. 

It  is  very  striking  and  worthv  of  note  that  nearly  every  author  has  found  a  different 
parasite  and  has  not  reco^piized  the  parasitic  forms  described  by  the  others.  This 
speaks  against  the  correct  mterpretation  of  the  findings.  Moreover,  in  the  caae  of  the 
majority  of  the  formations  described  as  parasites  another  interpretation  is  possible. 
Some  of  them  are  degenerating  leucocytes  or  the  remains  of  such  enclosed  in  cancer* 
cells;  others  are  vacuoles,  hymine  or  mucoid  products  of  the  caneer-eells.  or  degener- 
ating nuclei  or  cell-division  dgures,  or  fragments  of  these.  Only  rarely  is  it  impoasable 
to  give  a  satisfactory  interpretation  of  the  findings,  but  this  fact  is  not  sufficient  ^TT>unds 
for  ascribing  a  parasitic  nature  to  the  formations.  The  attempt  to  compare  the  '*  bird's 
eyes"  of  von  Leyden,or  the  Plimmer's  bodies,  to  which  they  correspond,  with  the 
parasite  found  in  the  root-timiors  of  cabbage,  the  Plasmodiophora  brassica,  azxd  to 
regard  these  root-tumors  as  analogous  to  cancer,  is,  likewise,  without  justification,  since 
the  two  diseases  have  scarcely  anything  in  common.  The  plasmodiopfaora  multiplies 
within  the  plant-cells  and  distends  the  latter.  Only  after  the  destruction  of  the  affected 
cells  does  a  regenerative  proliferation  occur  in  the  neighboring  cells.  In  cancer  there  is 
from  the  very  beginning  an  unlimited  and  at  the  same  time  an  infiltrati\*e  growth  oi 
tissue-ceils. 

The  natural  history  and  clinical  behavior  of  cancer  are  not  such  as  to  make  it 
probable  that  it  is  of  parasitic  nature.  The  formation  of  cancerous  tumors  as  a  result 
of  disturbances  of  development  q)eaks  against  this  view.  The  metastases  dex^yp 
from  transported  tumor-cells,  and  cell-inclusions  are  not  necessary  to  their  foniiatii>n. 
The  transplantation  of  cancer  and  sarcoma  into  animals  of  the  snme  species,  and  the 
implantation-cancers  occasionally  observed  after  operation,  are  the  r^ult  wholly  of 
the  transplantation  of  living  tumor-cells,  and  cannot  be  used  as  arguments  in  favor 
of  the  parasitic  theory.  If  protozoa  are  the  cause  of  cancer  we  must  assume.  aecordiMT 
to  our  present  knowledge  of  these  parasites,  that  a  given  species  can  find  a  suitable  sod 
only  in  a  certain  variety  of  epithelium.  Cases  of  transmission  of  cancer  from  man  to 
man  occasionally  dted  as  evidence  can  be  utilized  hypothetically  in  support  of  the 
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parasitic  theory  only  when  the  cancer  develops  in  the  affected  individual  in  the  same 
mother-tissue. 

To  increase  our  knowledge  concerning  the  cause  of  cancer  a  committee  was  appointed 
to  study  the  statistics,  and  through  a  collective  investigation  on  October  15tn,  1900, 
attempted  to  detennine  the  number  of  living  cancer-patients  in  Germany.     In  so  far 
as  the  view  of  the  parasitic  nature  of  cancer  is  concerned  this  work  was  negative,  since 
in  only  3.6  per  cent  (of  12,179  cases)  was  an  infection  suspected.     A  hereditary  trans- 
mission was  thought  possible  in  17  per  cent,  but  the  number  was  reduced  to  4.3  per 
cent  when  the  possibility  of  such  an  mheritance  was  limited  to  those  cases  in  which  the 
same  organ  was  affected.     Since  1888  the  number  of  cancer-cases  is  said  to  have    in- 
creased about  a  third,  but  even  this  statistical  evidence  is  without  significance  since  it 
may  be  satisfactorily  explained  as  the  result  of  greater  skill  in  diagnosis  as  well  as  the 
result  of  an  increase  in  the  average  length  of  li^.     Moreover,  it  should  be  noted  that 
even  now  many  cases  of  cancer  (cancer  of  stomach)  are  not  diagnosed  even  up  to 
death,  and  on  the  other  hand  cases  are  regarded  as  cancer  when  occurring  in  tissues  in 
which  carcinoma  does  not  develop.    (The  statistics  mentioned  above  contain  201  cases 
of  primary  carcinomata  of  the  bones.) 
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See  also  §  122. 

§  122.  The  development  of  carcinoma  of  the  skin  takes  place  mc^t 
often  from  the  surface  epiiheUum,  and  is  characterized  essentially  by  tbe 
growth  of  the  interpapillary  portions  of  the  same  into  the  deeper  por 
tions  of  the  skin,  in  the  form  of  epithelial  pings  (Fig.  334,  d)  which  fill 
up  the  connective-tissne  spaces.  The  stratum  corneum  (c)  may  also 
undergo  hypertrophy  along  with  the  cells  of  the  rete  Malpighii,  an»l 
penetrate  into  the  deeper  tissnes  with  the  epithelial  plugs  {d),  3forp 
over,  the  horny  cells  which  get  into  the  deeper  tissues  may  form  epithelial 
X>earls  (^). 

Besides  the  surface-epithelium,  the  epithelium  of  the  hair-folUcles  and 
sebaceous  glands  may  also  take  part,  in  the  development  of  the  cancer: 
and  there  occur  carcinomata  of  the  skin,  which  develop  entirely  frow 
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the  sebaceous  glaudB,  and  therefore  should  be  classed  with  the  gland- 


The  counectire  ti»me  may  i-emniii  entirely  passive  during  the  iugrowth 
of  the  epitheliiiin,  but  is  sooner  or  later  excited  to  growth  (Fig.  334,  a), 
and  the  iKipillie  often  develop  into  long,  branched  formations  (/).     In 
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the  proliferating  connective  tissue  there  are  often  found  in  association 
with  the  Jibrt^IaMa  also  l^amei/tps  and  lifmphocytfJi,  which  may  penetrate 
into  the  epithelium.  They  Iiecoine  especially  numerous  in  the  event  of 
tissue-destruction,  so  that  under  such  ciicunistances  the  proliferation  of 
the  connective  tissue  acquires  wholly  the  character  of  an  inflanuaatory 
granulation-tissue. 

The  origin  of  the  carcinomats  arising  from  mucous  membranes 
covered  with  squamous  epithelium  may  be  the  same  as  that  of  a  can- 
cer of  tlie  skin — that  is,  it  is  inti'odnccd  by  a  proliferation  of  the  surfruv 
cpithelinm  (Fig.  335,  a,  c).  If  glands  are  present  they  may  also  tale  part 
in  the  decdoprnt-nt  of  We  cancer.  It  is  a  remarkable  fact  that  in  the  for- 
mation of  such  a  tumoi',  glands  with  cylindrical  cpitheliunt  may  furnish 
epithelial  products  which  correspond  with  those  of  the  surface-epithe- 
liiini.  The  epithelial  pi'oliferation  may  at  first  be  intrac^nalicnlar  and 
lead  to  a  diffuse  thickening  and  stratification  of  the  epithelium  (Fig. 
:i;t."i,  f),  o^  to  the  formation  of  excrescences  (e).  Ijater,  the  proliferating 
epithelium  breaks  into  the  connective  tissue. 

The  connective  tissue  behaves  in  the  same  manner  as  in  the  Ciise  of 
<"ancer  of  the  skin. 

The  cylindrical-celled  carcinomata  of  the  mucous  membranes  arise 
in  the  case  of  the  intestine  from  the  tuindar  glandi  or  from  the  cryptx,  the 
epithelium  of  which  at  first  undergoes  an  active  proliferation,  and  be- 
comes stratified,  wliile  the  glands  become  dilated  (Fig.  3;{6,  b).  Later, 
t!ie  glands  become  changed  into  branching,  atypically  formed  structures 
(fi),  which  possess  an  epithelium  arranged  in  nnuiy  hiycrs,  and  which 
Ittow  into  the  neighboring  tissues. 

In  the  stomach  the  gastric  glands  change  their  characler  (Fig.  337, 
/),  and  then  through  a  co«tinne<l  growth  infiltrate  the  submucosa  (j), 
the  mtiscnlaris  (rf),  and  the  serosa  (e). 


462  TUMORS. 

The  epithclhini  of  the  uewlyformed  glauds  staius  more  deeply  with 
nuclear  stains  than  does  normal  epithelium. 

The  coniieotivc  ti»4ue,  as  Ju  the  case  of  cancer  of  the  skin,  sooner vr 
later  prolircmtejs  and  in  counection  with  this  proliferation  there  may 
occur  also  an  enii};ration  of  lencocytes  and  lymphocytes. 

The  development  of  canc«r  In  glands— a.H,  for  example,  in  the  mam- 
mary gland — likewise  begins  with  an  epithelial  proliferation,  as  the  result 
of  which  the  glands  (Fig.  338,  o)  become  widened,  altei-ed  in  form  ll". 
while  their  lining  epithelium  becomes  stratified  (6).  "With  Ihe  hreakiuf 
through  of  the  epitlielinm  into  the  neighboring  connective-tissue  spans 
the  epithelial  infiltration  of  that  tissue  is  liegan.  According  to  X\» 
structure  of  the  gliuid  in  which  the  cancer  arises,  and  according  to  ll>e 
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variety  of  the  cancer  itself,  there  will  be  produced  varying  niicrosti>pii^ 
pictures. 

The  eotmedire  tissue  at  the  gland  throngh  proliferation  also  latrt 
part  in  the  building-up  of  the  tumor ;  but  in  the  early  stipes  of  devel^t^ 
ment  such  proliferation  may  be  slight  of  entii-ely  wanting. 

The  development  ol  a  carcinoma  in  an  adenoma  or  fibro-ndenoma 
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(Fig.  .339,  «)  is  Jikew'isG  iiiitiittoil  liy  ii  cliaiine  in  the  character  of  the 
cdlsHiid  by  -A  more  active  proHferaliuii  of  the  epilheUum ,  through  which  the 
simple  epithelium  becomes  stratified  (b,  c).     The  later  ingrowth  of  the 


■a  Buld.  htpmaloiyHn.  eosln). 


epithelium  into  the  connective  tiNsne.  which  often  occnrs  at  a  very  late 
stiiKc  is  a  further  sigu  of  nialifjuancy— that  is,  of  the  carcinomatous 
Ir.ujsforniatioii  of  the  ncw-growtli. 


munrularla  muouBiB :  c, 


The  development  of  carcinoma  from  papillary  epitheliomata  takes 
p1a4«  in  the  same  .manner  as  from  the  normal  skin  and  mucous  mem- 


brnm^:  aatt  ks  4-faarwtt>rtwU  tfsiwvully  by  Ibe  infiltratioD  of  tbe  epilhe- 
licim  tuti>  tfa^  litK«^iiM*nl-tLssu«^  u|>i>u  whk'h  tbe  epitbelioma  re^s. 
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The  development  ot  carcinoma  from  transplanted  or  misplaced 
epithelium  or  from  remains  ol  tetal  structures  proceeds  iu  the  same 
iii»niier  as  that  of  carcinoraata  arising  in  either  surface  or  glandular 
epithelium. 

Carcinomatous  proliferations  of  the  cell-layer  and  the  syncytium 
of  the  chorion,  both  of  which  arise  from  the  fcetal  ectoderm  (Bounet;, 
may  occur  either  in  the  chorion  of  yoong  ova  or  iu  the  pliiocnta  of  ol^er 
embryas,  and  in  atypical  cases  are  ehai-acterized  hy  a  mixture  of  the  two 
forms  of  cells  (Fig.  340,  a,  b).     They  grow  into  the  neighboring  uterine 


hymaloxrlln.  M>sln.)  a,  Derlvalives  ot  lEe  cell-layer;  6,  gyncjlial  celLt;  c.  wall  of  blood'Ve«wl; 
il,  blood.      X  40. 

ti.sKne,  particularly  into  the  bIoo<l-veRse]s  of  the  uterus  (c),  and  may 
through  the  formation  of  thrombi  lead  to  extensive  destruction  of  the 
tissues  of  the  uterus,  and  may  give  rise  to  metastases.  Myxomatous 
degeneration  of  the  chorion  or  placental  villi  (hydatid  mole)  appears  to 
favor  tlie  de\'elopnient  of  such  carcinomatous  growths. 

The  development  and  growth  of  carcinoma  have  tieen  in  recent  years  the 
object  of  Bearchin^  invest ijcat ions.  Besides  Ri'bbert  and  Biirel,  who  hftve  expressed 
their  views  in  their  works  on  tumors,  Krompecher,  Hauner,  Petersen  and  Colmers.  and 
Borrmann  have  published  treatises  of  considerable  size  upon  these  questions.  All  of 
these  writers  atcree  that  theJeveloping  neoplnstn,  in  so  far  as  its  epithelial  elements  are 
foncerned,  erowH  through  ita  own  resources  and  does  not  excite  thpneiBlilioringtifiiue, 
[hat  is,  neignborinf;  epithelium,  to  a  cancerous  proliferation.  The  neighboring  tisane 
is  in  part  compressed  and  in  part  infiltrated.  On  the  other  hand,  differences  of  opinion 
exist  conocming  the  beRinning  of  the  cancerous  growth.     According  to  Hauter,  Aront- 

Crher,  Petenen  and  Colmera.  the  development  may  be  unicentric  or  multicentric,  in  the 
tier  case  starting  in  several  places  in  the  epithelium.     Atrmuinn  assumes  a  imicentrle 
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ongln;  in  those  cases  in  which  the  development  apparently  pmceeds  from  sevend peaces 
he  assumes  that  there  is  a  coincidental  development  of  several  primary  canoera. 

According  to  Haii»er,  Krompecher^  and  Petersen,  with  whom  I  agree,  the  dev^ 
ment  of  carcinoma  takes  place  from  cells  of  the  superficial  epitheUum,  hair-foIE^ 
glands,  and  gland-ducts.  According  to  Bcrrmann,  a  developing  carcinoma  is  a  eroviof 
oell-oomplex,  which  existed  as  such  before  it  began  to  grow;  it  is  an  isolated  embiyoos! 
cell-complex.  Squamous-celled  cancers,  although  not  all  of  them,  arise  fn>m  extroKh 
small  cell-complexes  that  lie  within  the  superficial  epithelium,  and  probably  beeooie 
isolated  during  foetal  life  through  a  closure  of  a  furrow  or  through  some  other  anomahr  d 
development. 

According  to  the  first-named  authors,  the  patholo^cal  new-formation  has  itsonpi 
from  epithelium  or  at  least  takes  its  point  of  departure  from  it.  According  to  Bormas'i 
and  Ribbertf  the  process  begins  with  inflammatory  changes  in  the  connective  tissue; 
hi  the  skin  these  may  be  caused  by  a  retention  and  infection  of  the  secretion  of  the 
sebaceous  glands  causing  an  elevation  and  stretching  of  the  epithelium.  As  the  reMj!: 
of  this  stretching  and  the  accompanying  hypereemia,  the  included  foetal  oell-complri 
proliferates  and  grows  into  the  deeper  tissues. 

The  independebt  proliferations  of  the  foetal  ectoderm  are  at  this  time  usuallr 
designated  as  chorioeplthelionim  (Marckand)  in  accordance  with  the  view  th&t  tber 
represent  an  epithelial  proliferation.  There  is  no  reason  for  not  classing  them  witc 
the  carcinonuitat  since  they  are  characterised  by  an  epithelial  proliferation  which  is* 
filtrates  the  neighboring  tissues.  The  metastasis  through  the  blood-vessels  vfaich 
characterizes  the  chorionic  carcinomata  occurs  also  very  frequently  in  other  carcioo' 
mata,  for  example,  carcinomata  of  the  stomach. 

Carcinomata  arising  in  the  skin  or  mucous  membranes  are  often  called  cancroids, 
a  term  used  to  distinguish  them  from  other  carcinomata,  the  origin  of  which  ns 
formerly  thought  to  be  from  connective  tissue. 

To  a  certain  extent  the  character  of  the  parent  tissue  is  preserved  in  cancer-celb. 
but  a  carefid  examination  shows  in  all  cases  that  there  is  a  certain  amount  of  cfaan^ 
both  in  their  morphological  and  in  their  physiological  character  (anaplasia).  This  is 
shown  in  changes  in  the  form  and  structure  of  the  cells,  their  changed  behavior  towaiti 
stains,  in  an  altered  position  and  arrangement  of  the  cells,  and  in  their  changed  rela- 
tions toward  the  surrounding  tissues. 

The  traumatic  displacement  of  surface-epithelium  in  wounds  may  lead  to  tbe 
formation  of  the  so-called  traumatic  epithelial  cysts — that  is,  cvsts  varying  in  ai« 
from  that  of  a  hemp-seed  to  that  of  a  nut,  which  are  lined  with  epithelium,  and,  in  case 
they  arise  from  the  epidermis,  contain  a  pultaceous  mass  of  desquamated  epithelium 
Thev  occur  most  frequently  after  puncture- wounds  of  the  volar  surface  of  the  fingers  and 
in  the  hollow  of  the  hancf. 

« 
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Kaufmann:   Enkatarrhaphie  v.  Epithel.     Virch.  Arch.,  97  Bd.,  1884. 
Wfirz:  Traumat.  Epithelcysten.     Beitr.  v.  Bruns,  xviii.,  1897  (Lit.). 

§  123.  The  structure  of  a  carcinoma  is  determined  by  its  origin. 
The  manner  in  which  the  epithelium  proliferates  and  the  associated  pro- 


liferatioii  of  the  connective  tissue  make  it  possible  to  distinguisli  a  con- 
nective-tissue stroma  ■nhicli  contains  the  blood-vesseia.  and  nests  aud 

strands  of  cells— tbe 
so-called  cancer-plugj 
— wbicb  lie  eniU>d<le<l 
in  the  struma.  If  lb* 
cancer  grows  iut»  a 
tissue  having  a  special 
stiTictTire,  the  stroma 
may  contain  muBcIf 
fibres,  boue  trabeculip. 
unchanged  glnudnlar 
tissue,  etc, ;  bnt  the* 
tissues  usually  dieafter 
a  time.  In  general  ii 
carcinoma  possesses  an 
alveolar  stnictuR. 
at  times  Ruggesting  an 
impeifectly  developed 
acinous  gland,  atollter 
times  a  tubular  gland, 
60  that  it  is  possible  !•> 
distinguish  ocmoM  aiid 
tabttlnr  types  of  carrt- 
hematoxf  Un. )    x  SO.  noma.     When  the  celi- 

plugs  are  solid,  'ill'- 
out  a  lumen,  the  growth  may  be  called  a  carcinoma  solldum  or  nierelv 
carcinoma.  The  presence  of  a  liuuen  in  the  cell-plngs  gives  to  thi' 
growth  au  appearance  reiwmbling  anatomically  the  odenomat:),  anJ 
warrants  the  designation  carcinoma  adenomatosum  oradenocarcinoma- 
The  typeof  carcinoma  is  to  a  certain  degree  d<'pCT»d«rf«po»ittc;»'r«/- 
iis»iie  in  which  it  arises,  and  the  cells  may  still  show  the  characleristit^ 


VARIETIES   OF   CARCINOMA.  4G9 

of  the  parent  epitheliam.  Squamous-celled  carcinoma  may  be  expected 
to  occur  wherever  there  is  squamons-celled  epithelium,  and  cyliudrical- 
celled  carcinomata  in  mucous  membranes  having  cylindrical  cells. 
Comification  takes  place  iu  carcinomata  of  the  skin,  mucoid  degenera- 
tion in  those  of  nmcous  membranes,  while  the  formation  of  colloid  occurs 
in  those  arising  from  the  thyroid.  Departures  froiii  this  rule  are,  how- 
ever, common,  in  that  the  epithelial  cells  may  remain  at  a  less  highly 
differentiated  stage,  so  that  the  type  of  the  cell-variety  concerned  may 
not  t>e  developed  to  its  fullest;  or  it  may  happen  that  the  cells  lose  their 


— AdenoaiclDotu  recti  tabuUre  (alnifaol,  alum-cumlDe).   n.  b,  BpltbelUI  sluid-nbolai ; 


original  character  and  take  on  others.  For  example,  colloid-like  sub- 
stances may  be  formed  in  cancers  of  the  skin,  nnicus  may  be  produced 
in  mammary  cancers,  or  horny  squamons-celled  carcinomata  may  develop 
ill  mucons  membranes  iMwsessiiig  cylindncal  epithelium  (gall-bladder) 
<ir  in  those  having  transitional  epithelium  (pelvis  of  kidney). 

(1)  Squamous-celled  cancers  develop  in  the  skin  and  iu  those 
mucous  membranes  covered  with  squamous  cells.  They  occur, 
therefore,  in  the  externa!  skin,  mouth  cavity,  pharynx,  oesophagus, 
liiryux,  vaginal  portion  of  the  cervix,  vagina,  and  extemalgenitals.  In 
rare  cases  they  may  develop  iu  mucous  membranes  possessing  cylindrical 
epithelium — for  example,  in  the  trachea  and  gall-bladder — or  in  the 
remains  of  foetal  structures — for  example,  in  the  remains  of  the  branchial 
clefts,  and  in  dermoids. 

The  flat-celled  cancer  is  characterized  chiefly  by  the  formation  of 
relatively  large  cell-nests  (Figs.  341,  a)  of  irregular  shape;  but  they 
often  fonn  also  small  strands  of  cells.  The  epithelial  cells  which  are 
collected  in  masses  show  clearly  the  character  of  stratified  squamous 
epithelium  with  the  formation  of  prickle-cells,  but  on  account  of  their 
mnltiplication  within  the  tissue-spaces  are  usanWy  polyitwrpbotis,  and  no 
longer  manifest  their  typical  characteristics.  Very  often  the  formation 
of  keratobyaliu  and  cornification  takes  place  within  the  large  epithelial 
plugs  which  have  penetrated  into  the  deeper  tissues.  The  cells  which 
have  undergone  a  horny  ebange  become  arranged  in  concentric  laminie 


resembling  thon«  of  nii  onion  (Fig.  .141,  w).  Sach  cell-nests  are  known 
as  epUhelUtl pearls  or  homy  bodies,  and  gi\e  occasion  for  tlie  deaguadon 
of  the  tunior  aa  a  Aomy  cancer.     If,  instead  of  coroification,  the  ceotnl 


Fia.  8(4.— AaeiiaorclnomB  tundl  ulerl.    n.  StrDnw;  b.  nnccr-plugs:  r.  Isolmled 
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portions  of  tbe  cell-ueetsandei^o  necrosis  and  liquefaction,  tbe  carcinoma 
may  take  on  an  adenoma-tike  structure. 

Besides  these  typical  llat-cellcd  cancers  tbero  often  occur  in  the  skin 
aud  mucous  niembraues  possessing  squamous  cells  carclnomata  having 


no.  3M.~AclQ0(u 


epitbetium  persisting  at  a  lower  stage  of  development,  so  that  the 
cell-strands  remain  slender  aud  delicate,  and  consist  of  small  epithelial 
wlls  of  different  forms  (Fig.  342)  that  do  not  change  into  priclile-cellB 


Tia,  Stt.—Tnhu]*r»elntioatranrerot  Ihe  mmmmarr  Eland  (Mailer*!  Dulil,  tucniktaxrllD).  a.  Arva 
«ltb  vfll-deietopHd  ekioKmled  naU  ot  cella:  I:  piinlun  ol  lumor  In  wbicU  Uie  mll-nfsu  hkVB  tor  tbe 
ifwlerputiHsippmred.     X  100. 

and  horny  cells,  Kromi>echer  designates  snch  cancers  as  basal-celied 
fvrcinomata,  since  tbey  develop  from  the  layer  of  basal  cells.  Tbe  cell- 
corda  of  these  carcinomata  are  usually  solid,  but  through  the  production 
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of  byalJDe  c«II-prodnrt8  iti  the  centre  of  the  eell-maaaesthey  may  take  od 
an  ad^HomatouJi  appearaiM^. 

(2)  Cyl I ndrical -celled  carcinoma ta  develop  chiefly  in  thoee  mucvn- 
tnetnbranett  jHrnHesHin^  rvllDdrical  epithelium — intestines,  stoniach,  m^i- 
ratory  tract,  body  of  tlie  uterus,  aud  gall-bladder,  bnt  occur  al^  in 
friands — ovanr',  mammary  gland,  liver,  etc. — as  veil  as  in  the  cerelnal 
ventricles.  Macb  tumors  exhibit,  at  least  in  the  eariy  staees  of  develop- 
ment, the  character  of  carcinoma  adenomatosum  or  adcnocafdnami 
(Figs.  336,  337,  343 ),  and  also  form  epithelial  strnctnres  which  resemht 
glands  and  conflict  of  variously  formed  gland  tnbnles  lined  by  a  simpW 
or  stratified  epithelinm.  A  more  active  proliferation  of  the  epitbelia! 
cells  leadH  finally  to  the  formation  of  compact  cell-n^ts  poseeesiDg  n>' 
lumen  (Fig.  341). 

The  stroma  of  cylindrical -celled  carciuomata  is  nsually  poorly  de- 
veloped ;  and  the  tumor  consequently  beara  the  character  of  a  soft  can- 
cer, a  carcinoma  medultare.  Kevertheless  the  cancerons  tissne  ma]' in 
some  caws  ]>o.SHeH.s  a  firiu  consistence. 

(3)  The  carcinoma  simplex  or  carcinoma  in  the  narrotcer  »fii*r— that 
is,  a  cancer  whose  especial  characteristics  are  derived  from  the  form  ami 
pOHition  of  the  caucer-cells,  in  that  these  are  arraugetl  simply  in  im^i- 
lar,  compact  heaps  (carcinoma  solidiim) — occurs  most  frequently  in 
glands,  but  may  develop  also  in  the  mucous  luembrane^  aud  ^in.  Tbi' 
<!ell-ne«ts  are  in  part  very  irregulariy  shaped  (Fig.  345),  in  part  roomi 
(Fi(t,  346),  or  in  other  cases  elongated  or  fusiform  (Fig.  347).  Tbf* 
variations  have  givcu  occasion  to  the  employment  of  the  terms  o 


riu.  84A.-ScrtlOD  thrauKta  k  *F([niPnl  nl  arwdnnnuof  Ibebmn  (alnAnl.  tUFnwlaiTllnl.   n.  Niff 


Inamituo  of  Wttaiie;   o,  ponionnt  si 

lnUi(>nlpplr:<.tnniul|[>*>Kl-l>ilHile:ft.imall-cell«l  imurraUm  of  tbt  (« 


ma  aclnosum  (Fig.  346)  and  carcinoma  tubulare  (Fig.  347)  as  tlisliu- 
gnishing  tyiH>s of  corresiMudiug character,     Itahonld  be  noted,  however, 
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tliat  these  different  types  may  be  pre.sent  in  the  Sitiiii;  tumor  (Fig.  348, 
<*> /i  ir),-Binee  tbe  character  of  the  cell-nests  depends  partly  upon  theit 
manuer  of  growth  and  partly  npon  that  of  the  connective-tissue  stroma 
in  which  they  develop.  At  the  seat  of  origin  of  the  tumor  the  cell-nests 
may  have  a  variety  of  shapes  (*■);  in  adipose  tiRsue  they  are  rounded 
(/)  ;  in  the  unyielding  connective  tissue  of  the  skin  they  are  small  and 
fusiform  (g). 

An  abundant  development  of  cell-nests  within  a  delicate  connective- 
tissne  stroma  lead.s  to  the  formation  of  a  carcinoma  medullare.  A 
marked  development  of  the  connective-tissue  stroma  with  the  formation 
of  relatively  few  cancer-cells  gives  rise  to  a  hard  tumor,  which  is  called 
a  carcinoma  durum  or  a  sclirhus  (Fig.  347). 


AiKlUsme:   h,ir.  auir  Mtom  ol  rarclnonulous  prollfeiBtlon    — „ > 

'"TT  rrti  nint"  TTllh  miT«  nf  mucin ;  c /,  carduonu  Uaue  ilioirliur  rnvked  muwu- <i«c-nri -.>"<■.  »  w. 

The  hard  variety  of  cancer  owes  its  origin  to  the  fact  that  the  cell- 
nests  are  from  the  beginning  relatively  few  and  small,  while  the  connec- 
tive-tissue stroma  is  abundant  and  hard.  Such  tnmom  iii'e  formed  espe- 
cially when  the  epithelial  proliferation  inliltrates  into  hard  connective 
tissne,  as,  for  example,  in  the  mammary  gland  and  skin,  but  the  same 
characteristics  may  be  exhibited  in  the  case  of  newly-formed  connective 
tissue.  In  the  course  of  time  a  cancer  becomes  harder  by  reason  of  the 
destrnction  of  a  large  portion  or  of  all  of  the  ncstsof  epithelial  cells  (Fig. 
347,  b),  while  the  connective  tissue  increases  in  amount.  An  originally 
Mft  cancer  may  become  hard  through  a  more  or  less  pronounced 
shrinkage  of  the  cancerous  tissue  in  association  with  the  Induration  of 


the  tissue.    Carcinomata  of  ttte  niiiniiiiary  gland,  stomach,  and  IntcstiDc 
very  often  show  such  secundary  hardeuiug,  and  in  cancer  which  basou- 
deigoue  such  a  fibrous 
change    tlie    iiosta    of 
cancer-cells  may  be  en- 
tirely absent. 

(4)  Tlie  chorlon- 
carclnoma  or  malig- 
nant chorio-epithelU 
oma  is  distinguished 
I'roni  other  carcinoniata 
by  the  presence  in  the 
individual  cell-masses 
of  a  mixture  of  vari- 
ous cell-forms  (Fig. 
340,  a,  b )  belonging  to 
the  ftetal  ectoderm. 
Such  a  combination  is 
not  e\'erywhere  pres- 
ent, and  does  not  occur 

especially  where  single  cells  or  cell-groups  penetrate  into  the  blood- 
stream  or  are  transported  passively.  The  conditions  favoring  a  "Ji^ 
velopment  within  the  blood-vessels  are  found  when  fluid  and  cmgu- 
lated  masses  of  blood  lie  between  the  tumor-cells  (c). 

(5)  Cancers  characterized  by  pecuiiar  secondary  changes  arise 
through  the  formation  of  aspecial  products  by  the  cancer  cells,  or  through 
peculiar  metamorphoses  of  the  same,  or  more  rarely  tbroogh  changes  Id 
the  stroma. 

Mucoid  or  gelatinous  cancer — carcinoma  mucosum  (C  gdfUiMtim, 
C.  coUoidet) — is  that  form  of  carcinoma  lo  which  the  epithelial  cells  pro- 
duce mncus  (mucin  or  pseudomucin)  or  a  more  coLloid-like  gelatinous 
substance.     Such  production  of  mncns  occurs  partiotUarly  in  canoetsof 
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the  intestiue,  stomatrli  (Fig.  .titO),  and  mainmaiy  );ia,nd  (Fig.  349) ;  and 

iiiiiy  be  iiiaiiifest  iu  the  earliest 

stitges  of  the  development  of  the 

tumor  (Figs.  340.  ft,  r;    3.50,/,?}, 

so  that  the  mucoid  products  of  tlie 

(■ells  collect  first  in  the  centre  of 

the  ccll-ne.stH  after  the  manner  of 

a    giand  aecretioD.     Later  the 

Ixirder  of  ce\\s  surrounding  tlie 

mucoid   material   is  broken 

through,   the  cells  pushed  aside, 

separAted    from    the    underlying 

structures,  and   crowded  toward 

the  centre  of  the  mucus  contain-      g 

iiig  alveolus  (Fig.   .149,  d,  e,  /). 

Ultimately,    the    epithelial  cells 

are  wholly  destroyed. 

Ill  intestinal  cancei-a  the  for- 
mation of  mucin  takes  place  in     oTai^^'^SiSm.TjiinKlJIostlT  Z'^u- 
goblet -cells,  which  are  similar  to     n«t  wiiboui:  h.™ii-n««(  wtib  »  re*  hjr»nnp  spuer- 
Ihe  goblet-cclls  occurring  under     ;;1;^-ir'lrn^^r£r«'S^"iJ^ll!^.''beTr±^ 
normal  conditions.     In  cancer  of     otaanKwatajMaenbenoet.  xiso. 
I  lie  breast  the  mucus  appears  in 

iheform  of  droplets  within  the  cancer-cells  (Fig.  .'J.'il,  d),  and  becomes 
free  either  by  escaping  from  the  cell,  or  through  the  complete  destruc- 
tion of  the  celt  itself. 

Through  the  development  of  mucoid  or  colloid-like  masses  within  the 
i-aucer-cell  nests,  the  latter  may  become  studded  with  hyaline  drops,  and 
tbereby  acquire  a  mesh-like  appearance  (Fig.   .3.'i2).    Such  formations 
Here  formerly  designated  as 
'gJindromata,    and     classified 
wilh  the  corresponding  sar- 
<:i>mala.    Should  it  be  thought 
ili-sirdblc   to  retain   this  no- 
iiii'iK'lature,  such  a  tumor  may 
l«  di^gnated  carcinoma  cylin- 
flromalosam ;  but  it  seems  un- 
necessary  to    separate  these 
l^rowths  from  the  mucoid  and 
iDlloid  carcinoniata. 

When  the  cancer-cells  at- 
luiii  an  extraordinarily  large 

p                        1  Fig.  3u3.-*Eii1flrtFed  hvdronic  omcpr-c^lte,  from  a  (ar- 

Size,    as  occurs,    for   example,  rlMnBTS?  (bB^ESTma  tM3irer^liBltn«n-l£.brow"); 

ill    fiat.poWaA     r'tnr>(>i-H    nr     in  a.  Oidjaary  CBDcer-relln:  fi.  bidroplPcvllaniQUJnliiEdropa 

'11    11,11  ceiicu     L.iULt,iB    ui      lu  ^  jyj^.  J,    ,„u,|(,n  „„<.]„„«:  i/,  awuUen  DUcleuJiu:   «, 

cancers  of  the  breast,  the  tu-     wumerinB eeiu.   x  atw, 
luor  may  be  termed  a  carci- 
noma gigantocellutare.     If  the  enlargement  of  the  cells  is  not  due  to 
au  increase  in  the  amount  of  protoplasm,  but  to  a  swollen  condition  of 
llie  cells  or  to  a  collection  of  di'ops  of  fluid  iu  the  cells  and  their  nuclei 
(Pig,  ,3.53),  the  cells  are  designated  j>ft^«a{tf{^  {carcinoma phyaaliferum). 

Myxomatous  degeneration  of  the  connective-tissue  stroma  may  occur  in 
portions  of  a  cancer,  so  that  the  cancer-cells  become  separated  from  each 
other  by  myxomatous  tissue  (Fig.  354,  c).  Such  growths  may  be  called 
carcinoma  myxomatosum. 


Hyaline  deseneratlon  of  the  connective  tissue  oC'CUi^  id  difffifit 

forms  of  cancer,  Itiit  is  tisnally  confined  to  small  areas  of  tlie  tumor. 


I> 


Deposits  ol  lime-salts  in careinomata  occur  chiefly  as  concretion-like 
masses,  similar  to  those  fonnd  in  psamniomata.  The  concretions  ni-iy 
form  eitherfrom  the  cells  or  in  the  connective  tissue.  They  are  ohserreJ 
particnlarly  in  papillary  adenomata  and  careinomata  of  the  ovary,  ^f^ 
in  cancers  of  the  mammary  glnnd.  There  also  occur  more  extensive  cal 
oiScations,  which  may  lead  to  complete  petrifaction  ;  and  tuniore  Ebuv- 
log  such  changes  occur  chiefly  in  the  skiu  and  subcutaneous  tisnf^  iu 


I*  maUnium  or  tin  Iddmr.  tnKn  ■  ditld  Ki«a  jnn  a(  *(«  ([<nDaliii.  hsMiiin 
•uau).    •*.  Tti —  — '"■  C*— *  •■■'——;  *■  — — —  I'*--  " X  aXL 

the  form  of  sharply  defined,  hard,  rounded    nodules.     Some  of  Itif^ 
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tniuors,  according  to  the  descriptions  given,  are  to  be  classed  with  the 
oarcinomata,  others  represent  calcified  atheromata  or  adenomata  of  the 
sebaceous  glands. 

If,  at  the  same  time  with  development  of  the  epithelial  new-growth, 
there  occurs  a  marked  proliferation  of  the  connective  tissue,  leading  to 
the  formation  of  a  very  cellular  tissue,  there  arise  tumors  which,  accord- 
ing to  their  structure,  maybe  designated  adenosarcotna or  sarccx:arcino- 
ma.  Typical  examples  of  this  form  of  tumor  occur  in  the  kidneys  (Fig. 
355,  a,  b)y  forming  medullary  tumors,  the  origin  of  which  is  probably  to 
be  referred  to  a  disturbance  of  development  of  the  kidney.  Such  tumors 
may  show  a  varying  structure  in  different  parts,  at  one  time  more  of  an 
adenomatous  or  carcinomatous  character,  at  another  time  only  a  sarco- 
matous.    The  metastases  of  such  tumoi*s  exhibit  a  similar  character. 

Spontaneous  healing  of  carcinomata  does  not  take  place,  but  many  of  them 
grow  very  slowly,  and  many  processes  within  cancers  may  be  interpreted  as  local 
attempts  at  healing.  In  this  category  belong  especially  the  degenerative  processes  in 
the  cancer-cells  that  lead  to  their  death  and  dissolution,  so  that  finally  in  ]&Tge  areas 
of  the  neoplasm  (for  example,  in  cancer  of  the  stomach)  there  may  be  found  only  hyper- 
plastic masses  of  connective  tissue,  but  no  more  cancer-cells.  It  is  very  probable  that 
m  the  destruction  of  the  cells  proteolytic  ferments  may  play  a  rdle.  The  occurrence  of 
calcification  in  a  cancer  depends  upon  a  previous  death  of  its  cells.  Further,  the  fact 
that  transported  cance]>ceils  (compare  §  125)  do  not  always  give  rise  to  daughter- 
tumors,  but  very  frequently  die  at  the  place  where  they  lodge,  may  be  interpreted 
as  a  healing  process. 

Various  authors  {Becher,  Petersen^  Schwarz,  Orih)  would  also  look  upon  the  occur- 
rence of  giant-cells  w^ithin  tumors  as  a  process  of  healing;  it  would  be  more  correct, 
however,  to  say  that  in  the  course  of  certain  retrograde  processes  giant-cells  may 
appear.  The  cause  of  the  retrogression  lies  not  in  the  giant-oeUs;  they  appear  only 
under  certain  conditions,  and  especially  when  in  cancers  corpuscular  elements  of  cer- 
tain kinds,  comified  cells  in  particular,  come  in  contact  with  connective  tissue.  They 
are  nothing  more  than  foreign-body  giant-cells,  and  their  occurrence  is  to  be  regarded 
only  as  secondary  to  certain  retrograde  processes. 
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§  124.  The  cystocarclnomatA  represent  a  form  of  tumor  rtHi 
Rtandti  ill  the  sauie  relation  to  cancer  as  the  cystadenomata  do  to  theaiii- 
noniata.  The  majority  of  cancers  form  uo  demonstrable  secretiOD,  boi 
there  occur  certain  varieties,  particularly  in  the  group  of  adenocarrim^ 
mata,  in  which  the  epithelial  cells  produce  mucus  or  colloid  (thjicidi: 
and  in  adeuoou-cinomata  of  the  liver  a  secretion  of  bile  has  been  ol^rrd 
(8chmidt).  lu  cystocarcinomata  the  mucous  secretion  of  the  epithelium 
may  lead  to  the  formation  of  large  spaces  filled  with  flnid.  Cystocair:'  i 
nomata  occur  chieHy  in  the  ovary  and  mammary  gland,  usoaDy  beahii); 
the  character  of  a  cystocardnoma  papilliferum  (Fig.  356),  in  tbal  the 
cyst -spaces,  in  certain  parts  or  throughout,  are  either  partially  (ft,  c)  « 
wholly   (d,  e)  filled  with  papillary  proliferations.     These  ezcnsoeDC» 


Fia.aH.— CTibKWclDaiu  pavlU"«uro  niu.._ ..  ._ 

talnlng  paptllarr  pTatlfmUoiB :  ci.crnts  HiUralf  iIUimI  irlth  psfifUMtr  pnjlltt 


possess  a  soft,  medullary  appearance,  and  when  developed  in  great  mu"- 
hers  give  to  the  entire  tumor  a  marrow-like  character. 

Both  the  cyst-wall  and  the  papillarj-  prolil'eralions,  which  brawh  m 
the  same  manner  as  do  those  of  the  papillary  cystadenomata.  are  tiirm-l 
with  a  thick,  stratified  layer  of  epithelium  (Fig.  ;«7.  ft.  r.  J:  ;t>S,  <)■ 
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The  papillffi  are  usnally  slender  (Fig.  357,  c,  d),  bat  through  myxonuitous 
d^genemtion  of  their  connective  tissue  may  attain  a  targe  size  (Fig.  358, 


Fio.  1^7.— Cfitocarcliionii  papUIUeniia  oviril  IHflller'a  llutiLbsiiiMoiflln).   a,  Strama:  b,  epithaUuin ; 

b).  Through  total  myj'OmaUms  degeneration  of  the  connective  tissue  of  the 
papillsB  the  latter  may  ultimately  become  converted  into  mucous  cysts  sur- 
rounded by  epithelium.     If  at  the  same  time  the  epithelial  layers  of 


no.  3ffl.— PuilUuT  cnloorcIiMHiia  of  Ibe  nuumna  viui  i«plllie  wbtch  bare  unilerKone  mrioniRtoiu 
wfenfnUan  (Muller's  Oiild.  biemsuiKTlln.  eiiain).  a.  Dense  cunD«cUv»  tboue ;  b,  tnyioioalous  paplILm :  - 
c.  proJIIfnUDB  epllb^lliim.  ansnced  In  ■evpial  lnjen,    X  TS. 

neighboring  papillie  become  confluent,  the  epithelium  finally  comes  to 
represent  a  stroma  which  incloses  balls  of  mucus. 


im  TUMORS. 

Tho  nivtoHtotteH  of  oystocnreinomata  may  have  the  chu-acter  of  canli- 
lluwrr-likt!,  imiiillary  growths,  and  this  is  particularly  the  case  vhen 
ovhHuii  (miioi-H  of  this  nature  spread  throughout  tlie  peritoneal  canity. 
Ottit'r  luetatilnses  sliow  the  characteristics  of  ordinary  carciuomata. 
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Sl9\  Qrowtta  by  infiltration  and  the  Involvement  of  the  sarrooiid- 

Ing  tisstws  lokt^  pliuv,  duriu^thpearlyslag^  of  development  (Sec.  ]2S,\ 
thntilKh  (i>«  |H>m'lnktiuu  of  the  epithelial  elemeuts  aioue  into  tlie  net^- 
burit)^  tiiatiie  iii  the  form  of  eonnected  pings  or  oords  of  wlK  Sut 
liifrm|neu(ly  1lM^n>npi>e»r  in  ttie  tissite-spaces  single  epitlielial  cells  tbii 


tuiuvfr  111"/  tiuiK'''*wriiiK'>rsP«is.  tJiw '.•■JiuwKUMt-'JwsuB  sCnnaa    (Tjf.  i"*.  ^ 

pii*i.viT.  i.      Suih  I  'inAlte  'li  iiiiiiliTtimii  n-iiiirs.  ru  -Im  m>n>C  matctiri  i^irrr 

Itiw  toroMtiwk  vi  ■nilniilaiWM.  »hivU  ti^n-^iuiM  autm  iin(i|ia»x;5  -- 
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the  case  of  carcinoma  than  any  other  form  of  tumor,  is  the  natural  result 
if  its  infiltrative  mode  of  growtii.  In  the  process  of  infiltration  the 
iincer-vfllg  bffttk  into  Uie  lympk-veKseiH  (Fiy.  244),  and  tlirough  these  are 
■arrivdto  the  lymph^lands.  In  both  phu^s  tliere  results  a  niultiplicit- 
inn  of  the  transported  canoer-oells  (Pigs.  244,  a;  360,  d).  Inthe  lymph- 
elands  the  lympliadeuoid  tissue  becomes  replaced  by  cancer  tissne;  the 
lymphocytes  vanish,  while  the  connective  tissue  of  the  lymph-gland 
serves  as  a  framework  for  the  ciineer. 

The  development  of  cancer  in  the  lymph -channels  is  either  limited  to 
:lie  filling  and  distention  of  the  lymph-vessels  by  the  cancer-cells  (Fig. 
i-U)  or  it  may  likewise  lead  to  the  formation  in  this  situation  of  daugb- 
:er- noil  (lies. 

The  epithelial  obstruction  of  the  lymph-vessels  is  often  very  exten- 
sive :  and  through  the  blocking-up  of  individuttl  lymph-channels  or  of 
:he  thoracic  diict  itself,  a  retrograde  metaMa^  of  cancer-cells  may  be  caiued. 
For  example,  in  the  case  of  a  cancer  of  the  stomach  the  lymph-vessels  of 
:hc  mesentery  and  the  thoracic  duct,  and  those  of  the  lungs,  or  even  of  the 
:t|i[ierextremities,  may  become  the  seat  of  metastatic  growths.  Through 
lie  thoracic  duct  cancer-cells  may  be  carried  into  the  blood-stream. 

The  epithelial  proli/erdtion  breaks  into  blood- vctarls  not  less  frequently 
than  into  the  lymphatics;  and  the  invasion  of  the  veins  by  cancer-cells 
is  to  !«  regarded  as  a  constant  phenomenon.  In  consequence  the  veseel- 
Inmen  becomes  filled  with  cancer-cells,  and  at  a  la^er  stage  the  afiected 
portion  of  the  vessel  becomes  converted  into  cancer-tissne,  the  frame- 
work of  which  is  fonned  through  the  proliferation  of  the  constituents  of 
die  more  or  less  altered  vessel-wall. 


.       _ .              .  „               ...        K  derelopnimil  of  a 
iMnaUujUnl.    a.  Gennrf«iitra  ol  a         ' '  "" " "" 


If  oaucor-cells  pa-ss  from  the  thoracic  duct  or  from  a  vein  into  the 
circulation  there  are  formed  htematogenoug  metagtases.     In  carcinoma  of 
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tbe  stomach  and  intestine  caneer-cells  are  very  often  carried  through  tb« 
portal  vein  into  the  liver  (Fig,  245,  b,  c).  The  thoraoic  duct  aitd  tbv 
systemic  veins  i>eriuit  a  trauHix)rtation  of  cancer -cells  to  the  loo^  Ac- 
cording to  investigations  byM.  B.  Schmidt,  the  lUDgsare  very  firqnenlk 
the  seat  of  metastases,  but  in  many  cases  these  do  not  develop  into  nod- 
ales  visible  macroscopically.  Much  more  frequently  only  microscopie 
intraarterial  groups  of  cancer-cells  embedded  in  thrombi  are  foaod.  A 
part  of  these  nieti.()tases  can  through  the  proliferation  of  the  tnmor-t^Ils 
develop  into  daughter-nodules,  and  the  lungs  may  contain  numbers  of 
these.  Very  often,  however,  the  transported  cells  fail  to  develop  into 
cancer- nodules  (Schmidt).     The  transported  cells,  that  perhaps  have  re- 


no.  XI.  Fio.  3BS. 

FIO.  Sei.— MnUstMIc  colleclloD  oT  youns  canivr-celto  mUiin  a  UTer^mplUirr,  BrialiuF  tnnn  ■  Mlmin 
■deiMicarcliioma  ol  Uwitoinacli  (alcobal,  bsmuoirun).    x  300. 

P[0.  393.— MelaMMIc  dereloiimmC  oC  cuiiwr  wltbln  Uw  UTer.caplllBri«.  wliliig  rmn  a  pdmur  cv"* 
noma  ot  Uie  pancreu  (■Imbol,  cannlne).  BoUi  oomiiicUve  Ubbus  and  D«Ma  of  cardDotna  oelli  tun  ik- 
leloped  wiuin  Uw  caplllarka.    x  ISO. 

oently  proliferated,  die,  and  there  occurs  only  a  proliferation  of  connec- 
tive tissue  in  the  vessel-wall,  leading  to  the  organization  of  the  thrombns. 
Ill  other  ca.ses  the  cancer-cells  increase  within  the  vessel-lumen  withoat 
forming  large  nodules. 

When  cancer-cilia  enter  the  systemic  circubttton  there  occurs  a  dUtribntm 
of  the  carcinoma  to  the  vnri&us  organs.  It  is  not  yet  known  to  what  exleut 
the  transported  cells  die.  The  favorite  seats  of  secondary  development 
of  cancer  are  the  bones,  liver,  and  kidneys.  Occasionally  a  development 
of  carcinoma  may  take  place  in  all  the  organs  of  the  body,  so  that  tlie 
resulting  condition  may  be  styled  a  general  carcinomatosis. 

The  secondary  cancer-fad  develop  first  intravascolarly  (Figs.  361,  3fi2. 
and  363,  c).  lu  the  beginning  the  neighboring  tissues  are  but  little 
changed  (Fig.  .363).  Later  there  occur  in  part  tissue-degenerations  (Fip- 
.363,/)  and  in  partconnective-tissiie  proliferations  (Figs.  362,  364,  c,  dl- 
and  the  newly  formed  connective  tissue  serves  as  the  stroma  for  the  A'- 
veloping  cancer- nodule.  The  amount  of  this  connective  tissue  varies 
greatly,  and  is  dependent  in  part  upon  tbe  parent-tissue  in  which  the 
tumor  develops  and  in  part  upon  tbe  variety  of  cancer.     The  most 
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■a  In  the  upp«T  layer  of  Ibo  Uterina  raueoM,  In  unlversd 

.  .„„ ,„B  uH, .„„„,_  u.  Ihe  mamma.     (Formalin,  hxmatDiylln  and  «OBln.)    a. 

Muscularls  of  Ihe  utenifl:    6,  normal  mucoSBj    c.  ncsls  ot  cancer-cellB  in  the  v«uels  hetween  Ihe 

'le  Rlands;  d.  upper  layer  o(  the  mucosa  denspLy  InfiUralnl  with  nests  o(  cancer-cells;  e.  uterine 

E-Uum;  /,  ulcerated  uea.     (Btood-clols  eontalnlns  concet-cells  were  found  In  Ibe  uterus.) 


Fra.  364. — Melaatatlc  deielopment  of  cancer  In  Ihe  dtploc  of  the  iknil-oap  In  primary  car- 
oms  of  rhp  stomach,  (Pormalin,  heematoxylln.  eotln.)  a.  Marrow.l Issue;  b,  iiMt  of  cancrr- 
!.'<:  t.  proliferated  endosteum  witb  nests  of  cancer-cells i   d,  lully  devi'loped  area  of  carcinoma. 
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marked  connective-tissne  proliferation  oecars  in  the  Gancer-metastase^ 
in  bones  (Fi^.  364),  particularly  nrhen  there  is  a  diffuse  growth  of  tbe 
e<irciuoma  through  the  bone.  With  the  destruction  of  the  old  bone  the 
csircinoma  may  form  in  place  of  the  bone-substance  an  abundant  fibrous 
Ktroma  in  which  osteoid  tissue  or  new  bone  may  be  formed  in  large 
amounts.  It  would  appear  that  many  carcinomata  must  produce  snb- 
stances  that  excite  a  marked  proliferation  of  the  periosteum  and  endos- 
teum.  Similar  marked  proliferations  may  occasionally  be  observed 
when  carcinomata  spread  over  the  serous  membranesi,  particularly  the 
I)eriosteum. 

Ab  has  already  been  mentioned  in  §  101,  carcinomata  may  be  trans- 
planted to  individuals  of  tlie  same  species,  and  after  operations  im- 
plantation-carcinomata  may  develop. 

Recurrences  after  the  removal  of  the  tumor  by  oi>eration  are  veir 
common  in  the  case  of  cancers,  and  in  advanced  cases  can  scarcely  tie 
avoided.  They  arise  usually  from  remains  of  the  primary  tumor  or  from 
metastases  already  present  in  the  body  either  in  the  immediate  neigh- 
borhood or  in  distant  organs.  In  rare  cases  the  conditions  favoring  the 
growth  of  the  cancer  may  again  arise  in  the  neighborhood  of  the  scar 
resulting  from  the  ox>eration,  so  that  after  several  years  a  new  cancer 
develops. 

Recurrences  and  metastajes  of  the  chorionic  cardnomata  grow  extremdr 
rapidly  so  that  within  a  few  days  tumors  of  considerable  size  may  be  formed.  Tlie 
dark-red  color  shows  even  to  the  naked  eye  that  blood  is  laigelv  concerned  in  their 
make-up,  and  the  microscopical  examination  shows  that  the  rapid  increase  in  size  is  in 
a  lai;ge  measure  due  to  the  large  hemorrhages  caused  by  the  development  of  the  tumor. 
The  epithelial  masses  may  form  a  relatively  small  part  of  the  entire  bulk  of  the  grovth. 

Chorion  carcinomata,  that  is,  the  epithelial  cell-masses  characteristic  of  these  tumon, 
have  been  repeatedly  observed  ouside  of  the  vierus,  in  various  oigans  (Sc/kmoucA,  Sckmori. 
Risd,  Busse,  Zagor^naki-Kiaael),  also  in  cardiac  thrombi  (Busae),  without  any  tumor  of 
the  tUenia  having  been  demonstrable.  This  phenomenon  maj  be  explained  by  the  fact 
that  the  epithelial  cells  of  the  normal  chorion  or  of  the  hydatid  mole,  that  is,  oimyxoma- 
tous  chorionic  villi,  may  be  transported  through  the  blood-stream  and  proliferate 
without  the  development  of  a  tumor  at  the  placental  site. 
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3.  The  Teratoid  Tumors  axd  Cysts. 

§  126.  Under  the  head  of  teratoid  tumors  and  cysts  may  be  grouped 
those  tumor-like  formations  which  are  characterized  by  the  fact  that  the 
tissue-formations  of  which  they  are  composed  either  do  not  occur  nor- 
mally at  the  site  in  question  (heterotopom  grototh)^  or  at  least  do  not  nor- 
mally appear  there  at  the  time  at  which  they  are  found  {heterochronous 
groirth).  Part  of  the  teratoid  tumors  and  cysts,  which  are  classed  as 
teratomata  in  the  narrower  sense,  exhibit,  moreover,  the  i)eculiarity 
that  they  are  compoaed  of  a  variety  of  tissues. 

The  teratoid  tumors  and  cysts  may  be  conveniently  divided,  according 
to  their  structure  and  their  origin,  into  three  groups,  as  follows:  (1) 
The  simple  teratoid  tumors;  (2)  the  simple  teratoid  cysts ;  (3)  the  complex 
teratomata,  which  in  part  contain  tissues  deiHved  from  cUl  the  germ-layers. 

The  heterotopous  tissue-s^rowths.  which  are  classed  with  the  teratoid 
tumors  may  occur  in  the  most  various  organs,  but  are  more  frequently 
found  in  certain  regions  than  in  others.  Among  the  more  common 
tumors  of  this  class  are  the  chondromata  and  chondromyxomata  of  the 
salivary  glands  and  the  testicle,  osteomata  of  the  muscles,  lipomata  of 
the  pia  mater,  adenosarcomata  of  the  kidney  containing  striped  muscle, 
and  the  adrenal  tumors  found  in  the  kidney.  Among  those  occurring 
more  rarely  are  the  chondromata  and  osteomata  of  the  skin  or  of  the 
mammary  gland,  rhabdomyomata  of  the  testicle,  etc. 

The  occurrence  of  tissue-formations  in  regions  in  which  such  tissues 
are  not  normally  present  can  be  explained  in  part  by  the  assumption  that 
cells  or  srroups  of  cells  of  a  tissue  have  not  undergone  a  normal  differ- 
entiation into  definite  tissue-forms,  but  retain  the  capacity  of  forming^ 
different  kinds  of  tissues.  Nevertheless,  in  many  cases  the  explanation 
is  to  be  sought  rather  in  a  germinal  aberration  or  a  misplacement  of 
tissue,  in  that  either  in  early  embryonic  life  embryonal  cells  of  one 
organ  find  their  way  into  the  anlage  of  another  organ,  or  that,  later,  tis- 
sues in  process  of  development  or  already  formed  are  displaced  from  their 
normal  position.  The  first  process  can  be  inferred  only  from  the  sub- 
sequent appearance  of  pathological  tissue-formations ;  the  latter,  on  the 
other  hand,  may  at  times  be  recognized,  later  on,  in  the  anatomical  re- 
lations. Thus,  for  example,  in  the  retrograde  changes  occurring  in  her- 
nias of  the  sacral  portion  of  the  spinal  cord,  adipose  tissue  and  muscle-tis- 
sue may  find  their  way  into  the  spinal  canal  and  the  arachnoidal  sac  and 
grow  around  the  nerves.  Arnold  observed  transposition  of  fat-tissue, 
gland-tissue,  cartilage,  and  neuroglia  at  the  lower  end  of  the  trunk,  in  a 
case  of  myelocyst  with  complete  absence  of  the  lumbar,  sacral,  and 
coccygeal  portions  of  the  spinal  column.  He  also  found  in  a  lipomatous 
tei*atoma  of  the  frontal  region  that  the  intracranial  portion  of  the  tumor 
communicated  with  the  extracranial  through  a  defect  in  the  cranium. 

The  teratoid  cysts  may  be  divided  into  two  great  groups :  the  ecfo- 
dermal  on  the  one  hand,  and  the  entodermal  and  mesodermal  epithelial  cysts 
on  the  other. 

The  ectodermal  cysts  vary  in  size  from  that  of  a  pea  to  that  of  a 
man^s  fist.  Their  walls  present  ectodermal  characteristics,  either  in  that 
they  consist  only  of  a  smooth  connective-tissue  membrane,  covered  with 
stratified  squamous  oells — ^the  so-called  epidermoids ;  or  the  cyst  walls 
may  present  all  the  characteristics  of  skin — that  is,  contain  papillsB,  seba- 
ceous glands,  hair  follicles,  hairs  and  sweat-glands,  and  often  also  subcu- 
taneous fat — the  so-called  dermoids  or  dermoid  cysts  or  dermatocysts. 
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Tbo  cyst-contents  consist  either  of  desquamated  horny  cells  alone,  or 
of  such  cells,  fat,  and  blond  hair. 

Epiden^ioids  and  dermoids  are  found  chiefly  in  the  tikin  and  gubeviA' 
neoua  tissues,  where  they  present  themselves  in  the  form  of  tumot^s  canUm- 
ing  a pultaceous  matenal,  which  resemble  a/A^rwiwto,  i.e.,  tumors  caused 
by  the  retention  of  secretion  in  the  excretory  ducts  of  the  sebaceous 
glands  and  in  the  hair-follicles.     They  are  also  found  at  the  sides  of  the 
neck  and   in  the  median  line  either  aboA'e  or  below  the  hyoidbone; 
further,  in  the  thoracic  cavity,  particularly  in  th6  medinstinum,  in  the  peri- 
totieal  cavity  (rarely),  pelvic  cellular  tissue,  coccygeal  region,  and  in  therafhe 
of  the  perineum.     Finally,  they  also  appear  within  the  cranium,  in  the  dura 
or  in  the  hypophysis.     Of  frequent  occurrence  are  the  intracranial  forma- 
tions which  are  known  as  cholesteatoma  or  as  pearl  tumors.    These 
growths  vary  in  size  from  that  of  a  pea  to  that  of  an  apple ;  they  form 
spherical  or  nodular  tumors,  having  a  white  satiny  surface,  and  eoiKist 
for  the  chief  part  of  thin,  non-nucleated,  scale-like  cells,  arranged  in 
closely  crowded  laminse.     They  are  invariably  situated  at  some  point  on 
the  pia  (Bostrom),  and  at  such  places  the  vascular  pia  is  covered  with 
stratified  squamous  cells,  which  in  the  course  of  years  produce  the  deli- 
cate epithelial  scales  of  which  the  tumor  is  composed.     The  neighboring 
brain  tissue  and  the  arachnoid,  which  may  in  part  extend  over  the  gro^ih, 
are  not  concerned  in  the  formation  of  the  hornv  scales.     In  rare  cases 
cholesteatomata  may  contain  sebaceous  material  and  fine  hairs  in  addition 
to  the  hornv  scales  and  cholesterin.     In  these  cases  there  mav  be  found 
seated  hei-e  and  there  upon  the  pia  dermal  structures,  i.e.,  true  skin  tissue 
containing  sebaceous  glands  and  hair-fcUieles,  from  which  the  sebaceous 
material  and  hairs  found  in  the  growth  arise.     The  simple  cholesteato- 
mata may  therefore  be  designated  as   epidermoids  (Bostrom),  those 
containing  hair  as  dermoids.     Cholesteatomata  occur  at  the  base  of  the 
brain,  in  the  neighborhood  of  the  olfactory  lobe,  tuber  cinereum,  corpus 
callosum,  choroid  plexus,  pons,  medulla  oblongata  (very  rarely  in  the 
spinal  cord),  and  in  the  cerebellum. 

The  dermoids  and  epidermoids  under  consideration  probably  owe 
their  origin  to  a  transplantation  of  epithelial  germs  to  the  sites  in 
question.  In  the  case  of  the  epidermoids  probably  only  embryonal  epi- 
thelial cells  are  ti*ansplanted ;  in  dermoids  embryonal  dermal  tissoe  is 
also  transplanted.  Tae  intracranial  cholesteatomata  originate  proba- 
bly in  an  early  implantation  of  epidermal  anlage  in  the  pia.  M«iiasti- 
ual  dermoids  probably  depend  upon  disturbances  of  development  of  the 
thymus,  which  arises  from  the  ectoderm.  The  dermoids  on  the  sides  of 
the  neck  arise  from  remains  of  the  branchial  clef tsi,  particularly  of  the 
second ;  those  hanging  from  the  hyoid  bone  or  lying  beneath  it  are  prob- 
ably to  be  regarded  as  t  he  remains  of  the  ductus  thyreoglossus.  Dermoids 
of  the  pelvic  cellular  tissue  may  be  explained  as  arising  from  ejMthebal 
inshoots  from  the  perineum. 

Simple  entodermal  and  mesodermal  epithelial  cysts  are  character- 
ized by  a  lining  of  cylindrical  cells,  which  are  often  ciliated.  They  occnr 
most  frequently  in  the  broad  ligament  and  tubes.  They  are  found  also 
in  other  portions  of  the  peritoneal  cavity,  in  the  intestine,  in  the  neigh- 
borhood of  the  trachea  and  bronchi,  in  the  lungs,  pleura,  neck,  tongw. 
vagina,  glandular  organs,  etc.  They  form  cysts  varj-ing  in  sixe  from 
that  of  a  pin-head  to  that  of  a  man's  head. 

The  occurrence  of  these  cysts  may  be  explained  in  most  cases  by  tlie 
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persistence  of  foetal  glands  or  canals  or  by  the  separation  through 
constriction  of  portions  of  entodermal  or  mesodermal  epithelial  tubes. 
In  the  Deck  remains  of  the  iuteriiul  brAiichial  clefts,  in  the  posterior 
portions  of  the  timgue  the  remains  of  the  ductus  thyreoplosMiis  or  of 
epithelial  buds  and  glands  developing  from  the  same,  in  the  <£S<jpbagus 
and  respiratory  tract  snared-ofT  portions  of  the  intestinal  canal  or  of 
llie  air-pofiaages,  or  remains  of  the  communication  between  atimentjiry 
tr-act  and  air-passages,  may  form  the  foundation  for  the  development 
of  such  cysts.  In  the  broad  ligament,  utenis  wall,  and  tubes  the  cysts 
arise  from  remains  of  the  canals  of  the  Wolffian  dnct  and  the  duct  of 
Gartner;  in  the  tubes,  cervix,  initio  vaginalis,  vagina,  and  bymeu  they 
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arise  from  the  remains  of  the  latter;  in  the  peritoneal  cavity  in  part  from 
siiared-off  portions  of  the  intestine  {enterocygta),  or  in  part  from  portions 
of  the  urachus  (urachvs-cy^).  Within  the  glands — for  example,  the 
liver  or  the  kidneys — portions  of  the  gland-tubules  may  become  con- 
stricted off  during  the  period  of  development,  and  later  develop  into 
cysts  (adenocysU). 

Cj'sts  located  in  the  central  nervous  system  or  its  immediate  neigh- 
borhood— for  example,  at  the  Jower  end  of  the  trunk — may  arise  from 
the  medullary  canal  {myelocysia),  in  the  latter  place  also  from  remains  of 
the  hind-gut  {ftUerocygla). 

The  origin  of  the  cysts  lined  with  cylindrical  epithelium  can  tisually 
be  determined  only  from  their  position  and  the  character  of  their  walls, 
but  in  the  majority  of  cases  the  origin  can  usually  be  ascertained  beyond 
doubt.  The  diagnosis  can  be  made  with  the  greatest  certainty  when  the 
misplacement  of  the  separated  portion  is  slight  (Fig.  ;Hi5,  d,  e),  and  when 
tlie  formation  still  shows  clearly  the  character  of  the  mother-tissue. 


The  Hif^iiificaiice  of  eetodenual,  <-nto<lcrni!il,  niid  luesodnnual  CTSts  is 
depeudent  upoD  their  positiou,  size,  and  the  Becondary  changes  vhiili 
occar  in  them.  Their  size  varies  from  that  of  a  pia-head  to  that  of  a 
man's  head.  Among  the  secondary  changes — aside  from  inflammation- 
may  be  mentioned  the  development  of  adetwmala  and  carcinmHota.  Fur 
example,  remains  of  the  WolfRan  body  which  are  present  in  the  doiMil 
wall  of  the  uterus  pear  the  angles  of  the  tubes  (von  Recklinghausen  ,i.  or 


in  the  broad  ligament  in  the  inguinal  region  (Asehoff,  Pick)  may  give 
rise  to  adenomata,  cystadenomata  (Pig-  t)6ti,  b),  or  adenumyomata.  /Vr 
moida  may  be  the  seat  of  development  of  a  squamoaieelled  onntvr  (branchio- 
genic  and  subcutaueous  carcinoma) ;  while  from  separated  portions  of  the 
intestinal  mucons  membrane  (Fig.  365^  it  is  probable  that  eylindrical- 
celled  carcinomata  may  take  their  origin,  CyiU,  eyntadcnotHata,  and  ear- 
cinomata  may  develop  in  the  jaw  from  misplaced  portions  of  the  /'pithelial 
anlage  of  the  teeth. 
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See  also  g  128. 

§  127.  Complex  teratomata  occur  most  frequently  in  the  sexual 
^liiDils,  partly  in  the  form  of  dermoid  n/sts  and  i»artly  as  solid  lumorn  atm- 
anted  with  viuJtiple  cy^ -formation.  The  first  occur  particularly  iu  the 
ovary,  the  latter  in  the  testicles. 

The  so-called  dermoid  cysts  of  the  ovary  form  rather  thick-walleil 
cysts,  varj'iug  in  size  from  that  of  a  pea  to  that  of  a  mau's  bead,  aad  nn 
tilled  with  a  fatty  material  coulaining  blond  hair.  At  somepoiut  iu 
the  wall  there  will  be  found  extending  into  the  cyst-cavity  a  rfflw  W'- 
vodular,  flattened,  or  septum-like  prominence,  which  it  eovej-cd  tdUt  bnin  anil 


■BJOM  oyst  ot  Iha  oT»rT.    a.  SmooUi  w»ll :  b.  proratnai*  "^^ 
en  pratuMimoce.  beni  down  opon  luell  mboVB  tad  kwnM  "■ 

n/fcn  Studded  ^rilh  teeth  (Fig.  367,  b,  e,  d).     The  upper  layers  of  iti" 
prominence  contain  the  characteristic  structures  of  tlie  skin  (Fig.  3w. 
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«.  a,,  fii,  b),  namely.  liair-f..llirlcs  with  Imira,  sebaceous  glands,  and  sweat- 
glands;  siilK-ulaneous  fat  is  also  usoally  present  {f).  In  the  deeper 
layers  are  found  other  tissue -formations,  such  afi  cysts  and  tubes  lined 
with   ciliated  columuar  epithelium  (d),    bon©  (g),   cartilage,   teeth  (A). 


n  IhroDRli  a  pronnnence  In  *  multlUirular  drrmoid  (iIcoIkiI.  Ditric  uM.  btemahnlUn. 


muscle-tissne  (also  heart-mnscle  [Katsiirada] ),  brain-tissue  (i).  nerves, 
groups  of  ganglion-cells,  mncous  glands,  intestinal  mucosa,  and  thyroid 
tissue,  as  well  as  pigmented  formations  resembling  the  rndimentary  tis- 
sues of  the  eye.  Kidney  and  liver  tissues  have  not  yet  t>ceQ  found.  The 
remaiuing  portion  of  the  cyst- wall  of  the  dermoid  is  either  covered  with 
cylindrical  epithelium  or  is  bare;  ifhuii-s  are  present  in  this  portion, 
they  are  the  result  of  a  secondary  implantation,  and  may  be  surrounded 
by  granulation -tissue,  often  also  by  giant-ceDs.  If  in  association  with 
the  cysts  containing  fat  and  hairs  there  are  also  found  cysts  filled  with  a 
serous  or  mucoid  fluid,  the  latter  may  be  explained  as  arising  through 
the  cystic  dilatation  of  spaces  of  the  dermoid  which  are  lined  with  cylin- 
drical celLs.  More  frequently,  however,  they  represent  formations  re- 
sulting from  the  cystic  degeneration  of  neighboring  ovarian  follicles  or 
of  adenomatous  new-growths.    The  ovary  may  be  entirely  destroyed  by 
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the  dermoid;  but  remains  of  its  tissue  are  often  present  (^).  luvery 
rare  cases  several  dermoids  may  develop  coincidently  in  one  ovary;  a 
double-sided  occurrence  is  seen  in  about  fifteen  per  cent,  of  all  oases. 
Ovarian  dermoids  are  observed  most  frequently  in  individuals  of  middle 
age,  but  occur  also  in  children. 

The  most  characteristic  feature  of  ovarian  dermoids  lies  in  thi*  fact 
that  they  contain  elements  of  all  three  gemi-layers,  and  that  a  certain  law 
in  the  arrangement  of  the  different  elements  is  observed.  The  deriva- 
tives of  the  ectoderm  and  mesoderm,  in  particular  the  skin  and  its  ap- 
pendages, also  bone  and  teeth,  and  often  brain  substance,  are  developed 
to  the  most  marked  extent ;  while  entodermal  formations,  cylindrical- 
celled  tubules,  and  mucous  glands  are  ordinarily  developed  to  a  maoh 
less  degree,  and  lie  concealed  in  the  deeper  parts  of  the  growth.  The 
structure  of  the  growth  as  a  whole  gives  the  impression  of  a  rudime»tarv 
embryo  with  an  unequal  development  of  ecto-  and  entodermal  tissue,  and 
such  tumors  have  therefore  been  appropriately  designated  as  crabryo- 
mata  (Wilms). 

The  solid  teratomata  of  the  ovary  are  much  more  rare  than  the  der- 
moid cysts.  They  form  tumors  which  are  composed  of  a  confused  mix- 
ture of  the  most  varied  tissue-formations,  viz.,  epidermis,  epithelial 
pearls,  hairs,  sebaceoum  glands,  sweat-glands,  tubules,  and  cysts  lined 
with  ciliated  epithelium,  acinous  glands,  connective  tissue  rich  in  cells 
adipose  tissue,  muscle,  cartilage,  and  bone.  In  rare  crises  teeth,  intes- 
tine, thyroid  and  brain  tissue  of  a  rudimentary  character  may  be  present. 

Since  these  formations  also  contain  elements  of  all  three  germJ^tyen, 
and  are  distinguishable  from  the  dermoids  only  through  the  lack  of  any 
regular  order  of  arrangement  of  the  different  tissues,  and  through  the 
more  rudimentary  development  of  the  individual  tissues,  they  may  like- 
wise be  classed  with  the  embryomata.  With  reference  to  their  lack  of 
any  structural  organization  approaching  that  of  the  human  embryu, 
Wilms  has  designated  these  formations  as  embryoid  tumors. 

Since  the  embryoma  contains  elements  of  all  three  germ-layers,  in 
part  in  orderly  arrangement,  the  genesis  of  such  a  tumor  may  be  ex- 
plained by  the  assumption  of  a  development  from  an  ovum.  Bonnet  regards 
it  as  probable  that  either  in  the  development  of  a  fertilized  ovum,  in 
the  early  stages  of  division,  a  blastomere  (or  several)  may  be  delayed  iu 
division  and  later  give  rise  to  an  independent  formation  containing  ek* 
ments  of  all  germ-layers,  or  that  (Marchand)  a  fertilized  polar  body  (the 
fertilization  of  the  i)olar  body  has  been  demonstrated  in  vertebrates)  finds 
its  way  between  the  blastomeres  of  a  developing  ovum,  and  later  develop?^ 
within  the  embryo.  The  first  assumption  seems  more  probable,  and  the 
embryomata  of  the  ovary  may  consequently  be  regarded  as  rudimefdaty 
unioval  twin  mc^fomiaiions  (§  128),  which  are  to  be  placed  in  the  same 
category  with  the  fcetal  inclusions  of  other  organs.  The  fact  that  the 
ovaries  (and  testicles)  form  the  favorite  seats  of  such  growths  is  probably 
dependent  upon  the  fact  that  the  urogenital  anlage  in  ita  earliest  stage 
forms  relatively  such  a  large  part  of  the  embryonal  anlage  (Bonnet),  or 
that  the  blastomeres,  from  which  the  sexual  glands  later  arise,  more 
easily  than  others  take  on  an  especial  development,  that  may  leail  to 
the  formation  of  a  rudimentary  twin. 

The  teratomata  of  the  testicle  occur  most  frequently  in  forms  which 
according  to  their  structure  are  designated  as  adenocystomay  dimhv- 
adenoma,  chondrosarcoma,  adenotnyosarcoma,  cystosarcofna,  cystocardnmn, 
etc.     In  some  cases  the  formation  of  cysts  with  fluid  contents  fonnji 
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ilie  most  Ktrikiog  feature  of  tlie  tumor  (Fig.  326);  iu  other  cases 
(-ystii  are  fouud  only  iu  certain  parts  of  tlie  growth;  aod,  fioally,  in 
still  other  cases  the  tumor  may  be  solid  throughout.  These  growths 
may  i-each  the  size  of  a  child's  head.  They  may  be  cougeuital,  but  de- 
\elop  more  frequently  in  adult  life,  and  then  grow  rapidly. 

The  lining  of  the  cysts  is,  as  a  rule,  of  entt^ermal  character,  but  may 
vary  in  one  and  the  same  cyst  (Fig.  369).  Simple  cubical  (Fig.  369,  i) 
and  cyliudrical  epithelium  either  with  or  without  cilia,  as  well  as  strati- 
finl  <-iltat€d  epithelium  (d)  and  pigmented  epithelium  («),  maybe  found. 

Ectodermal  titssue  is  present  only  in  scanty  amount,  and  is  limited  to 
pigmented  epithelium  or  to  scattered  groups  of  cells  showing  comifica- 
tion ;  or  it  may  be  entirely  absent,  or,  at  all  eveuts,  cannot  be  demon- 
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strated  in  the  case  of  tumors  of  large  si?*.  Beflides  the  cysts,  mucous 
;;lands  may  also  be  fouud. 

Of  the  connective-tissue  substances,  fibrous  tissue,  myxomatous  tis- 
sue, cartilage  (Fig.  369,  g,  A),  and  occasionally  also  muscle  (Fig.  370,  «), 
lilt  tissue,  and  more  rarely  bone,  are  present. 

According  to  investigations  by  Schlagenhaufer,  M'lassow,  Bisel,  and 
others,  the  teratoniata  of  the  testicle  may  also  coutAin  tissue- formations 
(^irrceponding  in  their  structure  to  the  malignant  chorio-epitheliomata, 
characterized  in  particular  by  syncytial  formations. 


*V*  TUMOB8. 

T<Tfitnmata  nf  the  rhanw'lfr  o(  dermoMs,  contaioine,  as  in  ike  <s^ 

of  Ihnovnrian  d(!riiioi<L<4,  fiiich  Ktnictiirefi  as  nkin,  brain  tii»u(.  ma'jL 
and  tmcboHl  limiitw,  and  more  ntrely  teeth  and  Rtructures  rescatbtins 
lh<!  eyett,  are  of  rare  occurrence  in  the  testicles,  bat  are  foond  iMh  in 
chlhlren  and  in  adulta 

To  wlial>  i^xteiit  the  different  temtomata  of  the  testicles  si«  to  W 
gIhmwI  with  the  embryomata,  or  to  That  extent  they  can  be  explaiB(<l 


n«.m-T«niMMlwli«aa 

«ltta  buiila  at  auKlB ;  b.  gttmd-tubola.    : 

l>y  the  awuuiplKtn  of  tissne-implanations  at  later  stages  of  embiyoiud 
t)t>veU)|inient,  nuiiiitt  at  present  he  Uetermiued.  When  elements  of  all 
t  he  |^>rni  layers  un>  |ir««t'nt  inihe  tumor,  the  assumption  is  justified  th^ii 
th*»  Kniwlh  WUhijt*  tw  the  enibryomata  or  embryoid  tamors,  and  has 
Hri!«Mt  hi  thesiuno  ninnner  as  has  been  assumed  in  the  case  of  tbeoraras 
d4>nnoids.  TW  MTurreitce  of  syncytial  formations  speaks  in  favor  of 
this  a.sMmtpt  ion.  Tlie  presence  of  single  tL«sne-formations — as  for«- 
ample.  «if  ettrlilngt^  tkr  uf  innst-le — in  tnmor- format  ions  of  a  more  ^iK.'ir 
ohanw-ler,  niaj-  Ite  e\plaine<l  by  the  a^mimption  that  snch  iisMc*  £x 
llH>ir  wa^Y  into  tht>  aula^^'  uf  the  te^iticle  daring  the  period  of  eBbrrxci^ 
i)e\  eto|uitent. 

TW  ftft-ili 'iTuti.iit*  I'f"  ek^nv-tii't^fli^  dtamdrr  fouod  within  tmiooaia  n"  '-i'' 

urKnb*»v/t9.  MKt  hi?  trmn.li  Iht^  iuy\t<a)atuu»  tissur  pimmt  in  soeh  (oaiDn  at  irc— - 

k>ut>'  »|>rv^tvK^l.<t  ttw(v)<kU(r«li«Wmt>utvta«  tbr  samr  hutofCForUcsapu&CKaink 

^'■.^  fk^un^t  itusH  H>  A  irra».ttu  i>*  thv  v\- 

VKlKtix  U>  >V>  «itl)  k«4.U   rv«i.<i)e<rTu.     1     

tWtnuoMnt  th.^1   ih*  «nt-vial  ii-.-uut-L-cu  >n  tM>i<:>^t>  o(   Uw  ti 

st\>>kl  *v»a  i-Uvn^yviTbrin-fiai,      I*  .jmuh.-  Wivtts  that  ifc*  cfaoHD^r 
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tyncytiomaiodes,  are  to  be  regarded  as  derivatives  of  incompletely  developed  epithelium 
>f  embryonal  gland  tubules. 
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§128.  Teratoid  cysts  of  a  complicated  structure  and  solid  tera- 
tomata  are  f onnd,  outside  of  the  sexual  glauds,  in  the  same  regious  as 
he  simple  teratoid  cysts,  but  show  a  particular  predilection  for  the  region 
)f  the  coccyx.  The  complex  character  of  the  q/sts  is  shown  by  the  pi'es- 
mce  in  the  cyst-wall  of  cartilage,  boue,  fat  tissue,  mucous  glands,  smooth 
md  striped  muscle  fibres,  nerve-tissue,  and  tissue  of  a  sarcomatous  or 
^rcinomatous  nature.  Dermoid  cysts  may  also  contain  teeth,  and  further 
dso  ciliated  epithelial  cysts.  The  solid  teratomata  occur,  in  the  first 
place,  as  hah-y  pohfpi  (nose,  throat,  and  mouth) — that  is,  as  polypoid  tu- 
nors  covered  with  hairy  skin,  and  consisting  essentially  of  adipose 
issue,  which  may  also  contain  muscle  fibres,  cartilage,  bones,  teeth,  and 
:*y8ts.  Another  group  consists  of  those  kidney-tumors  which,  in  addition 
o  tubular  glands,  inclose  sarcomatous  tissue,  cartilage,  fibrous  tissue, 
idipose  tissue,  and  muscle  tissue,  in  rare  cases  also  ectodermal  tissues. 


^ 
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la  the  vagina  and  cervix  uteri  of  children  there  occur  tumors,  for  tlit* 
greater  part  of  a  racemose  character,  which,  in  addition  to  comiective' 
tissue,  myxomatous  tissue,  round  and  spindle-celled  tissue,  also  contain 
smooth  and  striped  muscle-fibres,  and  in  rare  cases  also  cartilaf!;e.  Fi 
nally,  there  occur  tumor-like  growths  of  a  very  complicated  structure  in 
the  cranium^  thorax^  abdomen,  urinary  bladdery  neck,  lower  jaw,  and  espe 
eially  in  the  region  of  the  coccyx.  They  contain  the  most  varied  forms  of 
tissue:  connective  tissue,  adipose  tissue,  cartilage,  bone,  gland  tissoe, 
muscle,  nerve  and  brain  substance,  as  well  as  ectodermal  and  entodennal 
cysts.  They  may  further  inclase  rudimentary,  or  completely  formed,  or 
at  least  easily  recognizable,  portions  of  the  body. 

Both  the  complex  teratoid  cysts  and  the  solid  teratomata  are  in 
many  cases  to  be  regarded  as  local  disturbances  of  development  char- 
acterized by  a  misplacement  of  tissue  or  a  separation  cyf  tissues  by 
constriction  within  a  single  individual  (mono^erminoZ  tisme-tmp^i/a- 
lion,  autochthonous  teratoma  ) .  The  hairy  polypi  of  the  throat,  the  cystic  or 
solid  teratomata  at  the  base  of  the  skuU  or  in  the  hypophysis  may  be  ex- 
plained by  the  assumption  of  a  misplacement  of  ectodermal  tissue.  Tht 
presence  of  cartilage  and  mucous  glands  in  teratoid  cysts  of  the  niedia^s 
tinum  may  be  explained  by  the  pn)ximity  of  the  trachea.  The  teratoid 
mixed  tumors  of  the  kidney  may  be  explained  by  the  assumption  that  iu 
the  kidney  i^gion,  in  addition  to  kidney-tubules  and  remains  of  the 
Wolffian  bqd3%  products  of  the  mesenchyma  arising  from  the  myotome 
may  undergo  proliferation.  The  occurrence  of  squamous-oelled  forma- 
tions in  such  tumors  must  depend  ux)on  the  fact  that  ectodermal  tissue 
has  found  its  way  into  the  kidney  anlage.  The  presence  of  striped 
muscle-fibres  of  cartilage  iu  tumors  of  the  vagina  and  uterus  isexplaina- 
ble  by  the  assumption  of  an  implantation  of  myotome  or  of  anlage  of  the 
vertebrae  (sclerotome) ;  but  many  writers  hold  the  opinion  that  striped 
muscle  may  be  formed  from  unstriped.  Wilms  believes  that  the  Wolffian 
duct  and  its  development  give  occasion  to  and  are  the  cause  of  the  im- 
plantations into  the  cervix  and  vagina.  In  the  case  of  the  teratomata  of 
tJie  coccygeal  region  the  manifold  character  of  these  growths  may  be  ex- 
plained by  the  fact  that  portions  of  the  terminal  vertebrae,  of  the  |)elvi8. 
and  of  muscular  tissue,  as  well  as  remains  of  the  neuroenteric  canal, 
the  hind-gut,  and  the  medullary  canal,  take  part  in  the  formation  of  the 
tumor.  In  the  intracranial  teratomata,  as  well  as  in  the  simple  dermoids, 
tissue-implantations  probably  form  the  basis  for  the  growth.  Moreover, 
thei-e  exists  indeed  the  i)088ibility  of  another  mode  of  origin  for  these 
growths — namely,  the  presence  of  a  rudimentary  twin,  a  higermiiMlliM^' 
plantation.  Such  an  assumption  is  well  founded  in  all  those  cases  iu 
which  the  temtoma  contains  fully  developed  or  rudimentary  parts  of  the 
lK)dy,  or  tissue-formations  which  cannot  be  explained  by  the  assumption 
of  a  misplacement  of  the  tissue  elements  of  a  single  foetus  at  the  spot  in 
question.  Ekehorn  r^ards  the  complex  dermoids  of  the  mediastiom, 
which  contain  skin,  cartilage,  bone,  and  the  constituents  of  mucous mein- 
braneSy  as  bigerminal  implantations.  Lexer  emphasizes  such  a  mode 
of  ori^n  for  tiie  teratoid  mixed  tumors  of  the  atxlominal  cavity  (see  $^ 
127,  131,  and  147). 
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CHAPTER  IX. 

Disturbances  of  Development  and  the  Resulting: 

Malformations. 

I.  Qeneral  Considerations  Reirardinj^  Disturbances  of  Developineat 

and  tlie  Oris^in  of  flalforniations. 

§  129.  After  the  copulation  of  the  sexual  nuclei  has  taken  place,  the 
development  of  the  embryo  proceeds  by  a  progressive  division  of  nuclei 
and  cells,  associated  with  which  there  arise  in  an  orderly  manner  especial 
groupings  of  cell-complexes  and  differentiation  of  the  same  into  especial 
tissues  and  organs.  The  multiplication  of  the  cells,  as  well  as  the  devel- 
opment of  individual  cell-groups  into  especial  organs  and  parts  of  the 
body,  depends  upon  intrinsic  causes,  and  is  controlled  by  the  character- 
istics which  the  embryo  has  received  through  the  transfer  of  the  inherit- 
able paternal  or  maternal  characteristics  at  the  moment  of  the  unioD  of 
the  sexual  nuclei,  which  are  to  be  regarded  as  the  carriers  of  inheritable 
characteristics.  It  follows,  therefore,  that  the  characteristics  of  the 
species  as  well  as  the  especial  peculiarities  of  the  given  individual  are  in 
general  already  predetermined  in  the  germ,  and  the  development  of  the 
embryo  proceeds  essentially  under  the  control  of  innate  moulding  forces. 
Nevertheless,  this  development  is  not  accomplished  without  the  influence 
of  environment,  in  that  the  embryo  of  necessity  receives  its  nourishment 
from  the  maternal  organism,  and  at  the  same  time  is  exposed  to  mechanic 
cal  influences  on  the  part  of  its  membranes  and  of  the  utem&  The» 
influences  may  therefore  operate  to  modify  the  development  of  the  fcetus. 

In  every  species  of  animal,  man  included,  both  the  bodily  form  and 
the  configuration  of  the  organs  present  a  particular  type,  which  experience 
has  shown  constantly  to  recur,  and  which  is  therefore  looked  upon  as 
normal.  If  more  or  less  marked  departures  from  this  type  occur,  which 
can  be  referred  to  a  more  or  less  marked  abnormal  course  of  the  iutni- 
uterine  development,  the  condition  is  designated  as  a  congenital  nuil- 
tormation.  When  the  departure  from  the  normal  strnetnre  is  rerr 
marked,  so  that  the  affected  individual  is  grossly  malformed^  it  is  spoken 
of  as  a  monster. 

According  to  common  usage,  the  term  malformation  w  usnallT  ap- 
plied only  to  anomalies  in  the  form  of  the  body  as  a  whole,  or  to  single 
parts  of  it  which  present  to  external  inspection  rather  striking  departures 
from  the  normal.  It  is  nevertheless  entirely  correct  to  use  this  term  for 
Xmthological  conditions  of  intrauterine  origin,  which  consist  not  so  much 
in  an  abnormal  change  in  form,  but  rather  in  an  incomplete  or  fault} 
organization  of  the  affected  part  or  oi^an. 

A  malformation  affecting  a  single  individual  is  known  as  a  sinfie 
malformation  or  single  monster ;  one  made  np  from  two  individuals  \* 
termed  a  double  malformation  or  double  monster. 

Mtdfimnations  may  oice  their  oritfin  to  either  intrmsie  or  extriuMic  amtt^ 
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As  Intrinsic  causes  may  be  considered  all  such  as  already  exist  in 
tbe  germ,  so  that  in  the  development  of  the  embryo  malfonnations  may 
arise  spontaneously  without  the  aid  of  extrinsic  inflnences.     Wheu  such 
a  Dialformatiou  occurs  for  the  first  time  in  a  family,  it  mnst  be  regarded 
as  a primaiy  germ-variaiian.     This  may  be  explained  in  one  of  two  ways: 
either  one  or  both  of  the  sexual  onclei  entering  into  onion  may  have 
been  abnormal,  or  both  may  have  been  normal,  but  from  their  union  a 
variety  has  arisen  which  from  one  point  of  view  is  to  be  regarded  as 
pathological  (cf.  g  17). 
It  is  also  possible  that 
disturbances  in  the  proc- 
esses of  fertilization  can 
give  rise  to  pathological 
variations. 

If  a  similar  malfor- 
mation has  already  oc- 
eurredinthe  parent,  the 
ease  may  be  regarded  as 
one  of  inhertiance.  I  f  the 
malformation  appearing 
is  a  peculiarity  which 
"Wis  not  present  in  the 
parents,  bnt  did  show 
itself  in  more  remote 
ancestors,  while  want- 
ing in  the  inteniiediate 
links,  the  phenomenon 
is  designated  as  aiavigm. 

As  primary  germ- 
variations  appear  the 
same  malformations 
which  are  also  inherit- 
able— that  is,  only  those 
malformations    are   in-  P 

heritable  which  origi- 
ally  appeared  as  primary 
germ  -  variations.  To 
such  inheritable  malfor- 
mations belong  the  in- 
crease in  the  number  of 

the  fingers  and  toes  (polydactylism),  malformations  of  the  hands  and 
feet,  abnormal  hairiness,  harelip,  and  certain  pathological  conditions  of 
the  oervoas  system,  as,  for  example,  multiple  fibromata  of  the  peripheral 
nerves. 

Under  extrinsic  causes  of  malformations  are  to  be  considered  espe- 
cially concuMwn,  pressure,  dUturbanccH  in.  t/w  supply  of  oxygen  and  ttourUh- 
ment,  and  infections. 

Concussions  of  the  uterus  may  in  all  probability  directly  damage  the 
embryo  at  a  very  early  stage.  At  a  later  stage  of  development  the  harm- 
ful efi'ects  of  trauma  are  probably  more  often  to  be  sought  in  a  tearing 
litwie  of  the  egg  and  in  decidual  hiemorrhages,  whereby  the  nonrishment 
nf  the  embr)'o  is  disturbed.  It  is  evident  that  hemorrhages  from  other 
causes,  also  changes  in  and  contaminations  of  the  maternal  blood,  as 
in  infections,  and,  further,  pathological  conditions  of  the  uterus  itself. 
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may  have  a  liarmful  influence  upon  the  developing  ^g;  yrt  all  these 
coaditions  probably  lead  more  otten  to  the  death  of  the  fcetns  and  the 
expnlsiou  of  the  egg  than  to  the  development  of  a  malformation.     Infec- 
tious diseases  of  the  mother  may  be  trausmitted  to  the  fcetus  and  give 
rise  to  tlieir  characteristic  changes  in  the  latter.     An  abnormal  pressure 
from    the   uterus   or   its  mem- 
branes   may    be   exerted    upon 
the    embryo,     espet^ially    wheu 
there   is  a  deficient  amount  of 
amniutic  fluid;   and   malfurma- 
tions  of    the  extremities   (Fig. 
374),    in  particular,    not  infre- 
quently show  evidences  of  press- 
ure having  been  exerted. 

From  the  anatomical  findings 
in  many  malformations  it  ap- 
pears that  pathological  condi- 
tions of  the  amnion  may  exert 
a  damaging  influence  upon  the 
embryo  and  give  rise  to  different 
forms  of  malformations. 

This  may  be  brought  about 

through  abtwrmal   adheiiions  be 

iween  the  embryo  and  the  amnio*. 

as  well  as  by  prepare  of  the  an- 

nwn  vpon  the  enArifonal  anlage. 

Even  at  the  birth  of  the  child 

adhesions  in  the  form  of  bands 

and  thi-ea*l8  (Figs.  371,/;  373) 

may  not  infrequently  be   dem- 

"p™™-  onstrated,  and  their  connection 

with    the    malformed    parts   is 

such  as  to  leave  no  doubt  that  they  stand  in  a  causal  relation  to  the 

malformation.     Such  adhesions  may  give  rise  to  severe  malformation-s 

of  the  cerebral  (Fig   371)  or  of  the  facial   (Fig.  372)  portions  of  the 

head.     Not  infrequently  portions  of  the  extremities  are  snared  ofT  by 

amniotic  bands  (Fig.  373),  and  may  be  completely  amputated  and  theu 

absorbed. 

To  what  extent  these  adhesions  of  the  amnion  with  the  fcetus  are  to 
be  referred  to  primary  adherence  and  intergrowth,  and  to  what  extent 
to  inflammatory  processes  of  later  occurrence,  is  yet  a  disputed  qnestion. 
Not  infrequently  the  adhesions  at  birth  are  no  longer  visible  and  the 
affected  part  presents  only  a  scar-like  appearance  (Fig.  372). 

According  to  Dareste  and  Geoffrey  St.-Hilaire,  an  abnormal  tightness 
of  the  amnion  may  easily  exert  a  harmful  influence  npon  the  embryo. 
An  abnormal  closeness  of  the  cephalic  cap  of  the  amnion  may  cause  the 
malformations  known  as  anencephalia,  exencepbalia,  cyclopiii,  and  oebo- 
(^phalia  or  arrhincephalia  (g  134);  while  an  abnormal  tightnes  «f 
the  caudal  cap  may  give  rise  to  sirenomelia  (§  138),  Further,  the  cleft 
malformations  of  the  anterior  at>domiual  and  thoracic  walls  (§  13t>)  are 
also  associated  with  a  faulty  development  of  the  amnion ;  still  the  latter 
condition  is  often  not  so  much  the  cause  as  it  is  a  concomitant  of  the 
malformation,  which  may  be  the  result  of  a  variety  of  causes,  and.  in- 
deed, is  often  to  l)e  regarded  as  a  spontaneous  or  primary  malformation. 
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Tlie  period  at  which  the  injurious  influence  is  active  varies  greatly, 
and  consequently  so  does  the  extent  of  the  damage  done  by  it.  The 
earlier  the  damage  occurs,  the  greater  the  extent  of  the  injury.  Mal- 
formations in  the  narrower  sense  of  the  term  arise  chiefly  during  the  first 
three  mouths,  daring  the  period  when  the  body  and  its  individual  parts 
are  developing  their  proper  forms.  Damage  to  the  fcetns  at  a  later 
period  occasions  changes  which  are  more  closeli/  allied  to  thone  acquired  after 
birth. 

Some  malformations  are  typical — that  is,  they  always  appear  in  the 
same  form;  while  others  again  are  wholly  atypical,  so  that  the  most 
astonishing  anomalies  of  form  may  arise.  The  latter  are  for  the  greater 
part  the  result  of  extrinsic  harmful  influences  operating  secondaiily, 
while  the  farmer  may  be  regarded  as  owing  their  origin  chiefly  to  in- 
trinsic causes,  although  external  influences  may  also  cause  typical  mal- 
formations. 

Qeoffroff  8t.-Ililaire  ("Hist,  gen.  et  parlic.  des  onoDuUks  de  I' organization  q\k7. 
I'homme  et  lea  aalmaux,"  Paris.   1882-87)  discards  entirely  the  teacbing  ot  a  primary 

abniirmallty  of  Uie  genn  (Holler  and  Wituloir),  and  attributes  arrests  of  development 
purely  to  mechanical  InQuences.  Pnmim  (**  Untereucli.  Dber  die  EntHlehung  der  Misa- 
bildungen,"  Berlin,  1B60)  agrees  witli  him  on  the  whole,  although  he  admits  tlic  possi- 
bilily  of  a  primary  abnormality.  He  produced  raalformatious  in  hens'  eggs  by  means 
of  temperature  variations  and  by  varnishing  the  shells.     Daretle  ('  Kecherche»i  sur  la 
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production  artillclello  des  monstruoaites,"  Paris,  1877)  made  similar  experiments  aud 
produced  malformations  due  to  arrested  development  by  keeping  the  cggit  in  u  vertical 
powtion,  by  varnishing  the  sliells,  by  raising  the  temperature  above  43°  C,  and  also  by 
irregular  warming  of  the  eggs. 

Very  recently  L.  Gerliich.  Fol.  Waryntky.  JtiehUr,  Ronx.  and  SchalUe  havo  in  paf- 
— ' — '--■  —  -sxperlmenlsin  Uiisline,  and  Iiave  attempted,  with  partial  success,  to 


tlcular  carried  o 
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produce  malfonnationg  in  chicken -embryos  through  the  localized  inflaoKse  of 
heat,  variations  of  temperature,  vamisliing  the  eggs,  changes  of  posidoo,  injune. 
removal  of  a  portion  of  the  white  of  the  egg,  and  by  agitation.  Boux,  experimmtin; 
on  frogs'  eggs,  found  that,  after  destruction  of  one  of  the  first  segmentat]oii-6p^R& 
the  other  continued  to  develop  and  formed  the  half  of  an  embiyo,  thus  danonscimtin/ 
that  each  of  the  first  two  segmentation -cells,  corresponding  in  their  positKm  to  the  ri^: 
and  left  body -halves,  contams  within  itself  the  anlage  material  for  the  ocxrTei^iaiidio; 
half  of  the  body.  But  since  the  bo<ly-half  which  is  wanting  may  Liter  be  replaced  by 
subsequent  development  from  the  undestroyed  half,  and  a  whole  structure  be  produced, 
each  half  must  also  possess  the  power  of  producing  also  the  other  half.  Accoiduig  u* 
investigations  by  Uerlitzka,  Driettch,  Morgan,  WiUin,  and  others,  the  first  two  or  even 
the  first  four  segmentation -cells  in  tritons,  teleosts,  ascidians,  and  echinodenns 
the  power  of  forming  an  entire  embryo. 

Schultie  experimented  on  the  eggs  of  amphibia;  these  normally  always 
such  a  position  chat  the  darkly  pigmented  protoplasmic  substance  of  lighter  specific 
gravity  lies  above,  the  heavier  clear  protoplasm  nch  in  yolk  granules  lies  bi^ow.  Bj 
placing  the  eggs  in  an  abnormal  position  and  preventing  their  return  to  the  Dormai 
position  malformations  may  be  produced,  the  degree  of  malformation  standing  in  direct 
relation  to  the  size  of  the  angle  formed  by  the  line  of  gravity  and  the  abnormallj- 
placed  axis  of  the  egg.  By  turning  the  egg  through  an  angle  of  180°  in  tite  two-cell 
stage  a  double  monster  is  regularly  produced.  The  same  turning  in  the  eight-ceil 
stage  causes  a  complete  cessation  of  development.  These  disturbances  arise  from  dis- 
placements consequent  upon  the  sinking  of  the  heavier  and  a  rising  of  the  lighter  con- 
stituents of  the  egg. 

According  to  investi^tions  by  O,  Bertwig,  the  eggs  of  axolotl,  when  kept  in  a  0.7- 
])er-cent.  solution  of  sodium  chloride,  undergo  a  pathological  development,  which  is 
confined  to  the  central  nervous  system  In  the  region  of  the  head  and  trunk.  If  frog«* 
eggs  are  left  before  fertilization  for  one  to  four  days  in  the  uterus  of  the  dead  fenule 
una  are  tlien  fertilized,  there  are  formed,  besides  normal  embryos,  ^rarious  malformations 
due  to  defective  development,  for  example,  spina  bifida. 

Recent  studies  have  shown  that  monsters  and  malformations  may  be  produced  by 
Roentgen  irradiation  of  fertilized  ova  or  of  either  ova  or  spermatozoa  before  fertiliza- 
tion. Oilman  and  Baetjer  found  th^t  the  eggs  of  amblystoma  developed  abnormally 
under  Roentgen  irradiation,  the  embryos  showing  no  mouths.  Chicks  developed  in 
exposed  eggs  presented  malformations  of  the  occipital  region  and  extremities  and  in 
the  distribution  of  the  feathers.  Bardeen  found  that  in  frogs  injury  to  the  spermatozoa 
by  Roentgen  rays  caused  the  development  of  monsters  from  eggs  fertilized  by  such 
damaged  spermatozoa. 

Literature. 

{Malformations  and  Their  Origin.) 

Ahlfeld:  Berichte  und  Arbeiten  aus  der  geburtshQlfi.  Klinik  zu  Marburg,  1885-S6; 

Die  Missbildunffen  des  Menschen,  Leipzig,  1880,  1882. 
Ballantyne:  The  Diseases  and  Deformities  of  the  Foetus,  i.  and  ii.,  Edinb.,  1893, 1895. 
Barfiirtn:  Ueber  orvanbildende  Keimbezirke  u.  ktknstliche  Missbildungen  d.  Amphi- 

bieneies.    Anat.  Hefte,  Wiesbaden,  1898;  Regeneration  bei  Embryonen.    llandb.  d. 

Entwickelungsl.,  iii.,  1908. 
Braun,  0. :  Neue  Beitr.  z.  Lehre  v.  d.  amniotischen  Bftndem,  Wicn.  1862. 
Oharrin  et  Gley:  L'influence  teratogt^ne  des  prod,  microbiens.  Arch,  de  phys.,  1896. 
Dareate:  Rech.  sur  la  production  artif.  des monstruosites,  ii.  ed.,  Paris,  1894. 
Davaine:  Monstre,  Monstruosite.   Dictionn.  encyclop.,  abgedr.  in  L'ceuvre  de  Da- 

vaine,  Paris,  1889. 
Bela^:  Structure  du  protoplasma  et  les  theories  de  rheredite.  Paris,  1895. 
Drieach:  Entwickelungsmechan.  Studien.  Zeitschr.  f.  wiss.  Zool.,  58,  5o  Bd.,  1891, 

1892;  Amit.  Anz.,  vii.,  1893. 
Buval:  Teratogenic.     Path.  gen.  publ.  p.  Bouchard,  i.,  Paris,  1895. 
Bndres:  Entwickelungsmechanik.     Eulenburg's  Jahrb.,  vii.,  1897. 
Sndres  u.  WiUter:  Anstichversuche  an  £iem  von  Rana.    Arch.  f.  Entwickelungs- 

mech.,  ii.,  1895. 
Fiadxel:  Qegenwftrt.  Stand  der  experimentellen  Teratologic.    Verb.  d.  D.  path.  Ges., 

v.,  1902  (Lit.). 
Polet  Warynaky:  Rech.  exp.  sur  la  cause  de  quelques  monstruosites.  Recueil  sooL 

Suisse,!..  1883. 

7drster:  Die  Missbildungen  des  Menschen,  Jena,  1865. 

Poster:  Z.  Kenntniss  d.  Ucmmuugsmissbiidung  d.  unt.   KOrperhftlfte..    I.-D.,  Frei- 
burg, 1903. 


CLASSIFICATION    OF   MALFORMATIONS.  603 

Oerlach.  Production  v.  Zwergbildungen  im  HOhnerei.  Biol.  Cbl.,  11..  1883;  Neue 
Methoden  auf  dem  Qebietc  der  experimentellen  Embryologie.  lb.,  vii.,  1889 ;  Anat, 
Anz.,  1887. 

Oiaccomini:  Anomalies  de  divelopp.  de  rembryon  humain.  Arcli.  ital.  deBiol.,  Ix., 
1888;  xviii.  and  xix.,  1892;  xx.,  1893;  xxiv.,  1895;  Influence  de  I'air  rarefi6.  lb., 
xxii.,  1894. 

Guinard:  Precis  de  teratologie,  Paris,  1898. 

Qurlt:  Literatur  Ober  Missgeburten.     Viroh.  Arch.,  74  Bd.,  1878. 

Hertwig:  Missbildungen  u.  Mehrfachbil(lung(>n.  welclu;  durcli  8t5rung  des  ersten 
Entwickelungsprocesses  hervorgerufcn  wenlen.  llandb.  d.  Entwickelungslehre, 
I.  Jena.  1903. 

Hirst  and  Piersol:  Human  Monstrosities,  Philadelphia,  1891. 

HiB:  Ueber  mechanische  Grundvorgflnge  thlerischer  Formbildung.  Arch.  f.  Anat., 
1894. 

Israel:  Angeb.  Spalten  d.  Ohrlftppchens,  ein.  Beitr.  z.  Vererbungslehre.  Yirch. 
Arch.,  119  Bd.,  1891. 

Xirmissoxi:  Chir.  Krankheiten  angeb.  Ursprungs,  Stuttfi;art,  1899. 

Xollxnann*  Die  KOrperform  menschl.  normaler  u.  pathoT.  Embryonen.  Arch.  f.  An., 
1889. 

XtUitner:  Ueber  eine  noch  nicht  bekannte  Entwickelungsursache  amputirender 
amniotischer  Fftden.  Zeitschr.  f.  Geb.,  xx.,  1891;  Die  Pathologic  des  FOtus, 
Stuttgart,  1888. 

Lannoloneue  et  Menard:  Affections  congenitales.    I.  T6te  et  cou.  Paris,  1891. 

Marchand:  Missbildungen.    Eulenburg's  Realencyklop.,  xv.,  1897  (Lit.). 

Kitrophanow:  Teratogenet.  Studien.    Arch.  f.  Entwickelungsmech.,  i.,  1895. 

Morian:  Die  schrflge  Gssichtsspalte.     Arch.  f.  klin.  Chir.,  1887. 

Moser:  Missbild.  durch  amniotische  Bander.     Prag.  med.  Woch.,  1894. 

Otto:  Monstrorum  sexcentorum  descriptio  anatomica,  1844. 

Panum:  Zur  Eenntniss  d.  physiol.  Bedeutung  d.  angeb.  Missbildungen.  Virch. 
Arch.,  72  Bd..  1878. 

Piersol:  Teratology.    Ref.  Handbook  of  Med.  Sc.,  2d  ed.,  1908. 

Richter:  Ueber  die  experimentelle  Darstellung  der  Spina  bifida.  Anat.  Anz.,  ill., 
1888. 

Soux:  Zur  Entwickelungsmechanik  des  Embryo.  Zeitschr.  f.  Biol.,  xxi.,  1886; 
KQnstliche  Hervorbriugung  halber  Embryonen  durch  Entfemung  einer  der  beiden 
ersten  Furchungskugeln,  u.  Wachsthumsentwickelung  der  fehlenden  EOrperhfllfte. 
Virch.  Arch.,  114  Bd.,  1888;  Die  Entwickelungsmechanik  der  Organismen,  Wien, 
1890;  Ueb.  das  entwickelungsmechanische  YermOgen  jeder  der  beiden  ersten 
Furchungszellen  des  Eies.  Verb.  d.  Anat.  Qes.,  vi.,  1892;  Ueber  die  Specification 
der  Furchungszellen  und  tkber  die  bei  der  Postgeneration  und  Regeneration 
anzunehmenden  Yorgfinge.  Biol.  Cbl.,  xiii.,  1898;  Die  Methoden  zur  Erzeugung 
halber  Froschembryonen.  Anat.  Anz.,  ix..  1894;  Einleitung  zum  Archiv  fQr 
Entwickelunsgmechanik  der  Organismen.  Arch.  f.  Entwickelungsmechanik,  i., 
1894. 
Schultze:  Die  Bedeutung  der  Schwerkraft  fQr  die  organische  Gestaltung,  sowie  Qber 
die  mit  HQlfe  der  Schwerkraft  mOgliche  kQnstliche  Erzeugung  von  Doppcl miss- 
bildungen. Yerh.  d.  Phys.-med.  Ges.,  28  Bd.,  1894;  Entwickelungsgeschichte, 
Leipzig,  1896. 
Tamffi:  Storia  della  teratologia,  i.-viii.,  Bologna,  1881-96:  Suir  ordinamento  della 

teratologia.     R.  Accad.  dellc  Sc.  deir  1st.  di  Bologna,  1896,  1898. 
Virchow:  Descendenz  u.  Pathologic.     Virch.  Arch.,  108  Bd..  1886. 
Wiedersheixn :  Der  Bau  des  Menschen,  Freiburg,  1893. 

Ziegler:  KOnnen  erworbene  patholog.  Eigenschaften  vererbt  wcrden  u.  wie  entstehen 
erbliche  Krankheiten  u.   Missbildungen.    Bcitr.   z.    pathol.  Anat.,  1.,  1886;  Die 
neuest^n  Arb.  Qber  Vcrerbung  u.  Abstammungslehre,  u.  ihre  Bedeutung  fQr  die 
Pathologic.    lb.,  iv.,  1889. 
Ziegler,  K.:  Zur  Postgcnerationsfrage.     T.  D.,  Freiburg,  1901. 

For  IiK'rature  of  Malformations,  see  Anat.  Anz.,  i.-xxvii.,  1886-1907;  and  Cbl.  /.allg. 
Path.,  i-xviii.,  1890-1907. 

• 

§  130.  Single  malformations  may  be  conveniently  divided  into  five 
groups,  according  to  the  kind  of  change  which  characterizes  them. 

As  arrests  of  development  or  monsters  due  to  defective  develop- 
ment  (monstra  per  defectum)  may  be  classed  in  the  first  place  all  those 
malformations  in  which  the  whole  or  a  part  of  the  body  is  abnormally 
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small  and  imperfectly  develox>ed  (hypoplasid),  and  also  those  malfmna- 
tions  characterized  by  the  complete  absence  or  very  great  stuniii.^ 
{agenetna  or  aplania)  of  individual  or^ns  or  i)arts  of  the  body. 

If,  in  the  case  of  parts  or  organs  of  the  body  which  are  EK>racL:y 
formed  by  the  union  of  anlage  which  are  originally  separated.  s««  L 
union  should  fail  to  take  place  as  the  result  of  a  primary-  or  s<ecY>odary 
disturbance  of  growth,  the  arrest  of  development  may  show  itself  in  th«* 
form  01  clefU  and  reduplications.  Thus,  for  example,  imperfect  «leTel«^[v> 
ment  of  the  plates  forming  the  anterior  body -wall  gives  rise  to  ciefis  ia 
the  median  line  of  the  thorax  and  abdomen ;  a  failure  of  onion  of  thr 
maxillary  processes  of  the  first  branchial  arch  with  each  other  or  with 
the  nasal  process  of  the  frontal  bone  gives  rise  to  clefts  in  the  fsicr. 
Defective  union  of  the  bilateral  portions  of  the  female  genital  tmir 
results  in  a  more  or  less  extensive  reduplication  of  the  uterus  or  vagina. 

When  the  anlage  of  two  organs  lie  near  to  each  other,  these  may 
under  certain  conditions  become  united  so  as  to  produce  a  coai^^craet  or 
adhegion  between  two  organs  or  parts  which  should  normally  be  sepa- 
rated. For  example,  the  kidneys  at  times  may  be  more  or  less  nnited, 
and  the  eyes  may  be  more  or  less  completely  merged  into  a  single  organ. 

nalformations  due  to  excessive  growth  (monstra  per  excessam) 
are  characterized  in  part  by  abnormal  size  of  individual  parts,  and  in  part 
by  an  increase  in  number  of  the  same.  For  example,  an  extremity  or  a 
portion  of  one,  as  a  finger,  may  reach  an  abnormal  size  {partial  giant 
growth),  or  the  whole  body  may  be  involved  in  the  abnormal  growth 
(general  giant  growth).  An  increase  in  number  occurs  particularly  in  the 
ease  of  the  mammary  gland,  spleen,  adrenals,  and  fingers.  Additional 
glandular  organs  are  designated  accessoi-y  or  supernumerary  organs. 

As  malformations  due  to  an  abnormal  disposition  of  organs  (mon- 
stra per  fabricam  alienam)  are  designated  by  Forster  certain  anomalies 
of  the  internal  organs  of  the  thorax  and  abdomen,  which  are  character- 
ized by  an  abnormal  position  of  the  organs,  and  in  part  also  by  changes 
in  the  relation  of  individual  parts  to  each  other.  In  this  class  belongs 
the  condition  known  as  situs  transversus — that  is,  the  transposition  of  the 
thoracic  or  abdominal  organs,  or  of  both.  Further,  various  defects  in 
the  heart  and  great  vessels  may  also  be  classed  here,  though  it  should  lie 
noted  that  these  are  more  properly  regarded  as  arrests  of  devdopment. 

A  fourth  group  of  malformations  includes  those  characterized  bv 
displacement  of  tissues  and  by  the  persistence  of  foetal  formations,  as 
already  mentioned  in  §§  126  and  128. 

Finally,  as  a  fifth  group  may  be  classed  those  malformations  ex- 
hibiting a  mixture  of  the  sexual  characteristics,  known  as  true  and 
false  fiermaphroditism.  True  hermaphrodites  possess  both  male  and  female 
sexual  glands;  false  hermaphrodites  are  unisexual,  but  the  remainder 
of  the  sexual  apparatus  does  not  correspond  to  the  sexual  gland,  or  there 
is  a  simultaneous  formation  of  organs  belonging  to  both  the  male  aud 
female.  A  part  of  these  malformations  are  arrests  of  development: 
others  are  to  be  regarded  as  cases  in  which  from  the  original  bisexual 
anlage  the  organs  of  both  sexes  have  developed,  whereas  normally  the 
anlage  of  one  sex  undergo  a  retrograde  change  instead  of  developing, 
and  persist  only  in  a  rudimentary  form. 

§  131.  Double  monsters  (monstra  diiplicia)  are  malformations  con- 
gisting  of  two  individuals;  if  both  twins  are  developed  (symmetriml 
twins)  they  are  always  of  the  same  sex  and  are  united  to  each  other  i" 
the  same  portions  of  the  body;  the  duplicated  i)ortion8  are  usually 
equally  developed  (equal),  but  unequal  forms  aiso  occur  in  which  one  twin 
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is  stanted  in  its  development.  Asymmetrical  forms  also  occur  in  which 
one  twin  remains  wholly  rudimentary  and  is  dependent  upon  the  other 
for  its  nutrition  {parasitic  double  monster).  Often  it  is  implanted  in  the 
other  or  included  within  it  (see  §  127). 

All  double  monsters  arise  from  one  egg  and  have  a  common  chorimu  In 
the  formation  of  symmetrical  double  monsters  two  separate  embryonal  an- 
lage  are  probably  formed  from  one  genninal  vesicle,  and  these  in  their 
growth  blend  with  each  other  to  a  greater  or  less  extent,  but  a  duplica- 
tion or  a  splitting  may  also  occur  within  a  single  anlage,  and  this  process 
occurs  particularly  in  the  anterior  reduplications  which  can  also  be  pro- 
duced experimentally  in  animals.  The  genesis  of  the  rudimentary  ajfym 
metrical  twins  occurs  chiefly  in  the  manner  described  in  §  127  (Teratomata). 

The  causes  of  a  duplication  of  the  embryonal  anlage  in  a  single  germinal  vesicle  are  not 
known.  According  to  Fol,  double  and  multiple  monsters  arise  through  the  abnormal 
impregnation  of  an  ovum  with  two,  three,  or  more  spermatozoa ;  but  other  observa- 
tions (Bom)  indicate  that  ova  fertilized  by  two  or  more  spermatozoa  do  not  develop. 
According  to  MarcJuind,  the  doubling  of  the  anlage  is  to  be  referred  to  conditions  exist- 
ing before  the  beginning  of  segmentation,  either  to  conditions  within  the  e^g  before  fer- 
tilization, or  to  the  fertilization  itself.  Wiedemann  and  Wetzel  hold  the  opinion  that  the 
origin  of  double  monsters  dates  from  the  moment  of  impregnation,  and  is  due  to  the 
fertilization  of  ova  containing  two  germinal  vesicles  by  two  spermatozoa. 

GcrfacA  produced  double  monsters  (anterior  duplication)  from  hens' eggs  by  varnish- 
ing these  before  incubating,  leaving  free  only  a  Y-snaped  spot  in  the  region  of  the  prim- 
itive streak.  Inasmuch  as  he  only  rarely  succeeded  in  obtaining  such  results,  it  is  pos- 
sible that  these  malformations,  which  not  infrequently  occur  in  chickens,  were  acci- 
dental. SchulUe  obtained  double  monsters  by  turning  frogs'  eggs  during  the  two-cell 
staee  tlirough  an  anple  of  ISC'*  (cf.  §  129).  Spemann  was  able  to  protluce  double- 
headed  embryos  of  tritons  by  constriction  of  the  embryonal  anlage  before  the  closure 
of  the  medu'llary  plate  to  form  the  medullary  groove ;  also  by  a  median  constric- 
tion in  the  two-celled- and  blastu la-stage.  Born  succeedeti  in  uniting  together 
portions  of  the  larvsB  of  amphibia,  not  only  of  the  same  kind,  but  also  of  different 
species,  genera,  and  families  (Sana  esculenta  with  Bombinator  igneus,  and  with 
Triton).  The  conditions  were  most  favorable  for  union  in  the  case  of  larvoe  of  about 
3  mm.  length.  Kot  only  the  external  coverings  of  the  body,  but  also  the  anlage  of 
organs  (liver,  intestine,  heart-tube),  were  blended  into  a  united  organ,  the  unicm  being 
completed  through  specific  tissue  of  the  same  kind.  From  all  these  experiments  the 
conclusion  may  be  drawn  that  double  monsters  may  be  produced  from  a  normal  egg 
through  secondarv  influences,  and  that  neighboring  embryonal  anlage  may  grow  one 
into  the  other.  On  the  other  hand  lies  the  possibility  that  especial  conditions  within 
the  egg  before  fertilization  may  be  the  cause  of  the  duplication.  According  to  Schultze, 
this  may  possibly  lie  in  the  presence  of  two  nuclei  or  of  two  spindles,  or  in  an  over-ripe 
condition  of  the  egg  with  a  tendency  to  fragmentation  into  two  halves,  which  divide 
shortly  before  fertilization.  Therefore  a  normally  fertilized  ovum  in  the  two-cell 
stage  may  be  brought  through  some  influence  (as  in  the  experiment  of  Schultze)  to  the 
formation  of  two  individuals. 
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Bee  also  §  129. 

II.  The  Different  Forms  of  Mallomiatioiis  In  Man. 

1.    ABBE8TS   OF  DEVELOPMENT  IN  A  SINGLE  InDIVIDUAL. 

(a)  Arred  of  the  Development  of  the  IhUire  Embryonal  AviUi^e. 

§  132.  An  arrest  in  the  development  of  the  entire  embryonal  anlase 
manifests  itself  in  two  ways.  If  the  disturbance  is  very  marked,  a  fur- 
ther development  of  the  embryo  is  impossible,  and  it  either  dies  at  once 
or  becomes  stunted^  and  after  a  certain  time  perishes.  If  the  distarbaiice 
is  less  severe  there  develops  a  normally  formed  foetns,  but  it  remains 
small  and  stnnted — ^that  is,  a  dwarf  is  formed  (nanosomia  or  micro- 
somia). 

A  dead  fcetus  is  in  the  majority  of  cases  expelled  together  with  its 
membranes  (abortion).  In  other  cases  in  which  the  embryo  for  some 
cause  or  other  remains  stationary  in  development,  the  egg  may  remain 
for  weeks  or  even  months  in  the  uterus  and  increase  in  size,  so  thatthew 
arises  a  disproportion  between  the  size  of  the  embryo  and  of  the  egg. 
According  to  His,  the  first  changes  after  death  are  shown  in  a  niark«4 
swelling  of  the  central  nervous  organs,  leading  to  changes  in  the  c<m- 
figuration  of  the  head.  Later  there  occurs  an  inliltration  of  the  tissues 
with  wandering  cells,  the  boundaries  of  the  organs  become  indistiud. 
the  entire  embryo  becomes  cloudy  and  soft,  the  superficial  structure 
indistinct,  and  the  embryo  finally  becomes  completely  dissolved.  Ac- 
cording to  Berlet  and  Engel,  the  wandering  cells  infiltrating  the  tis^n» 
arise  in  the  embryo  itself,  and  indeed  from  its  own  blood. 

When  a  fcetus  well  advanced  in  development  dies  and  remains  withis 
the  maternal  oi-ganism  there  may  result  the  formation  of  a  lithopaedioo* 
This  occurs  most  frequently  in  the  abnormal  situation  of  the  ovum  knovn 
as  extrauterine  pregnancy,  in  which  the  embryo  lies  in  the  peritoneal 
cavity,  in  a  tube,  or  in  an  ovary.  If  the  foetus  dies  at  such  an  advanorf 
stage  of  development  that  it  cannot  be  absorbed,  it  may  be  carried  within 
the  maternal  organism  for  years.    INot  infrequently  its  form  is  perfectly 
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preserved  (Fig.  375),  and  the  whole  foetus  becomes  inclosed  in  a,  connec- 
tive-tiasne  membrane.  In  other  cases  the  fcetus,  in  the  course  of  time, 
tiecomes  converted  into  a  partially  fluid  mass,  which  contains  the  osseous 
remains,  as  well  as  fat,  cholesterin,  and  pigment,  and  is  surrounded  by 
a  librotis  capsule.  Lime-salts  are  usually  deposited  both  in  the  newly 
formed  membranes  as  well  as  in  the  portions  of  the  foetus  remaining, 
md  for  this  reason  the  foetus  ia  knowa  j(fia"8tone-child"  or  "petrified 
Ehild." 


PIG.  37IL— l.tUioptedlim,  entlrvlj  Inclnnd  in  (vnnccMve-UMue  meinbninea  (ivrnoveil  tram  ■bdomfiul 
cftrlr^  hT  opentfoD  two  jean  aFUt  b^nnlnif  of  pnvnanrr).  EitrauteHji«  pre^aocr  caiutril  bjembrjo 
tirwklDH  Uuougti  the  uurloe  portion  ul  ■  tube  Into  ibe  aMomlmtl  csvltf.   Beducett  to  ooe-tUnl. 

According  to  the  condition  of  the  foetna  there  may  be  distlngniahed 
three  chief  forms  of  lithopaedion  (Kuchenmeister).  In  the  first  the 
mummified  fuetus  may  be  easily  shelled  out  from  the  calcified  membranes 
{lilhocelyphoa).  In  the  second  form  the  foetus  becomes  adherent  to  the 
membranes  at  various  points  which  become  calcified,  while  the  other 
portions  become  mummified  {lithocelypiwpcEdwn).  In  the  third  form  the 
foetus  is  discharged,  through  the  rupture  of  the  membranes,  into  the 
peritoneal  cavity,  and  later  I>ecomes  encrusted  with  lime-salts  (ZffAopt^ton 
in  the  narrower  sense). 

The  long  retention  of  a  ripe  or  nca.  otdtrfeetai  mtkin  the  uteru»  {mitttd  labor)  is  rare, 
liiit  may  occur  (I }  in  an  accessory  buru  uf  the  uterus,  <2)  In  interetitial  pregnancy,  (3) 
after  rupture  of  the  uteruB. 


/- 
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(ft)  Defective  Closure  of  the  Cerebrospinal   Canal  and  the  Accompanpfii 

Malformations  of  the  Nervous  System. 

g  133.  Defective  closure  of  the  vertebral  canal  leads  to  the  nud 
formations  known  as  rachlschisis  or  spina  bifida.  K  the  defect  in  tlie 
vertebral  column  is  open  so  that  at  the  bottom  of  the  cleft  the  bodies  of 
the  vertebrffi  covered  by  membrane  are  seen,  the  malformation  is  ordi 
narily  termed  rachischisis.  When,  at  the  site  of  the  defect,  there  is  seen 
a  protruding  sac,  the  malformation  is  usuaUy  designated  spina  Ufik,  or 
more  correctly  «ptna  fti/Sda  cystica;  though  to  this  formation  thenamr-^ 
rachischisis  cystica  or  hydrorachis  cystica  may  also  be  applied. 

In  rachischisis  totalis  (hoUmtchischisis)  (Fig.  376)  the  bodies  of  tbf 
vertebrsB  form  a  shallow  groove  opening  posteriorly,  and  usually  covered 
by  a  thin,  transparent  membrane ;  in  rare  cases  rudiments  of  the  ^io^l 
cord  are  still  present  in  the  form  of  whitish  bands  and  lines.  In  tliis 
manner  there  occurs  a  total  or  partial  amyelia.  The  defect  inrolrt^ 
principally  the  motor  tracts  and  centres,  as  well  as  the  colomns  <>f 
Clarke  and  the  lateral  cerebellar  tract,  while  the  spinal  ganglia  are  devel- 
oped (Manz,  Leonowa,  K.  and  O.  Petr^n),  and  may  send  sensory  fibnp> 
into  the  membranous  masses  of  the  spinal  groove. 

The  delicate  membrane  which  lines  the  furrow  and  covers  the  doni 
mater  lying  beneath  it  upon  the  bones  is  the  ventral  portion  of  the 
spinal  pia  mater.  A  part  of  the  nerve-roots  may  have  undergone  deyel 
opment,  arising  either  from  rudiments  of  the  spinal  cord  or  from  spi^^ 
ganglia. 

Partial  rachischisis  {mcrarachischisis)  involves  usually  the  sacroloffl 
bar  or  the  upper  cervical  region,  while  the  intervening  portions  of  tbf 
vertebral  column  are  only  rarely  the  seat  of  malformations.  The  doral 
surfaces,  with  the  overlying  dura  and  pia  mater,  of  the  bodies  of  the 
vertebrffi  whose  arches  remain  rudimentary  are  covered  for  the  greater 
part  by  a  mass  of  velvety  vascular  tissue,  which  contains  rudiments  '-^ 
the  spinal  cord  (the  area  meduUo-vasculosa,  von  Eecklinghausen),  thoiuih 
the  amount  of  this  tissue  maj*  be  very  small  or  may  even  be  wholly  v.i«t 
ing.  To  the  outside  of  this  tissue  layer,  which  is  not  every  where  eqnall.v 
abundant  and  which  diminishes  at  the  sides,  there  comes  next  a  delieate, 
transparent,   vasc*ular  membrane  which  represents  the  condnnation  of 
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tin-  piii  mater  covered  with  epithelium  (^^oiut  eptthdio-setosa);  and  next, 
ontside  of  this,  a  zone  of  epidermoidal  tissue  somewhat  thinner  than 
iioi  inal  skin,  and  often  covered  with  many  hairs  (?onrt  deitaatiea),  sepa- 
ntt  iiig  the  reddened  central  area  from  the  normal  skin. 


■I  absenre  ol  tb<>  bnlD  anil  si 


Raluced  (ll1>^HlJxch. 


Spina  bifida  cystica  or  rachlcele  {rac-kisckiaU  ajgtica)  occurs  iu  three 
chief  forms:  myelotneaingocele,  meningocele,  and  niyeheystocele.  Accord- 
ing to  its  site  there  may  be  fnrther  distiugnislied  a  cervical,  dorsal,  lum- 
Inir,  lumbosacral,  and  a  sacral  spina  bifida.  In  general,  a  spina  bifida 
is  charai-terizcd  by  the  development  of  a  fluctuating  tumor,  which  is  in 
iiKist  cases  visible  externally  (Fig.  377)  on  the  posterior  aspect  of  the 


ir  Frnrtep  and  rnrWer.)  Girl  of  ninete™  Tear*  bom  wJlta  a  I 
ler  BBcrsl  and  lower  Junibsr  ivglODB,  wblcb  enlarged  tmm  Uie 
et  developed. 


>|iiniil  column  (sjitiia  bifida poHterior') ;  but  instances  also  occur  iu  which 
tiic  sac  projects  anteriorly  from  the  spinal  canal  (spinn  bifida  anterior), 
iind  others  in  which  it  is  so  small  that  it  is  covered  with  normal  skiu 
:uid  is  not  visible  externally  (spina  bifida  occulta). 

Myelomeningocele  appears  must  Ireqiiently  as  a  itpina  bifida  Jun^- 
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meraUs,  aiid  oAually  forms  a  tumor  varying  in  size  from  that  of  a  not  to 
that  of  an  apple  and  increasing  in  size  after  birth,  in  the  region  of  the 
lower  lumbar  and  upper  sacral  vertebne.  It  is  covered  ^ther  by  smooth 
or  scar-like  skin^  or  may  be  devoid  of  skin  on  its  summit  and  there  cov- 
ered by  a  reddish,  muoosa-like  tissue  (area  medullovascoloea).  The 
portion  uncovered  by  skin  may  be  drawn  in,  like  a  scar.  In  rare  cMes 
there  may  be  no  external  tumor  (jpina  bifida  oecuita),  the  ate  of  the 
cleft  being  indicated  only  by  a  more  marked  growth  of  hair  or  bv  a 
depression. 

On  opening  the  sac,  which  is  composed  of  the  arachnoid  (Fig.  378,  ^ 
and  the  pia  (/,  /,),  while  the  dura  (g)  does  not  extend  over  the  dorsal 
portion  of  the  sac,  it  may  be  seen  that  the  lower  end  of  the  spimd  cord 
(6,)  is  drawn  outward,  and  that  the  cavity  of  the  sac  is  crossed  by  neire- 
roots(t,  fj.  Occasional  nerve-roots  (A)  may  also  spring  from  the  colomie 
of  the  cord  (5,)  in  its  course  through  the  sac. 

According  to  these  findings  there  is,  therefore,  an  aecumulatioo  of 
fluid  in  the  meninges,  a  hydromeningacele  (hydrorachis  externa  cimun- 
Bcripta),  which  is  combined  with  a  pro- 
lapse of  the  spinal  cord,  a  myelocele.  At 
the  site  of  the  protrusion  the  vertebral 
arches  are  defective,  and  this  defect  may 
reach  as  far  as  the  hiatus  sacralis. 
Smaller  defects  may  involve  only  one  or 
two  vertebrcB. 

Dorsal  and  cervical  meningoceles  are 
much  more  rare  than  the  lumbosacral. 
The  defect  in  the  vertebral  arch  is  usu- 
ally confined  to  one  or  two  vertebne. 
The  spinal  cord  is  here  involved  in  the 
meningocele  in  so  far  that  portions  of  it 
are  drawn  outward  in  the  form  of  a  band 
or  cone. 

Hydromenlngocele  spinalis  arises 
from  a  hernial  protrusion  of  spinal  arach- 
noid due  to  a  localized  collection  of  fluid 
in  the  subarachnoidal  space.  It  may  oc- 
cur in  the  first  place  at  the  upper  end  of 
the  spinal  column  in  the  case  of  a  cleft  of 
the  upi^er  cervical  vertebne,  at  the  same 
time  with  hernia  of  the  brain  in  the  oc- 
cipital region.  More  fi-equently,  how- 
ever, it  occurs  in  the  sacral  region,  where 
the  hernial  protrusion  takes  place  either 
thix)ugh  a  defect  in  the  vertebral  arches 

and  bodies  or  through  the  hiatus  sacralis,  or  between  vertebral  arches. 
or  through  intervertebral  foramina.  In  the  majority  of  cases  tbe 
dura  takes  no  part  in  the  formation  of  the  ssie,  but  views  diflfer  upon 
this  point,  and  by  many  writers  (Hildebrand)  a  dural  sac  is  described 
Through  a  progi^ssive  accumulation  of  fluid  the  sac  may  attain  a  very 
large  size.     Small  meningoceles  may  be  concealed  in  the  deep  tissues. 

Acconling  to  the  dii-ection  of  the  hernial  protrusion  there  may  be 
distinguisliecl  a  meningocele  posterior  aud  a  meningocele  anterior,  the  la^*/ 
taking  place  through  a  defect  in  the  bodies  of  the  vertebne  (rocft****^' 
anterior). 

nyelocystooele  or  hydromyelocele  (syringomyeloede)  takes  its  orip^ 


no.  878.— MyelomeiilBgorrie  sanite  ^ 
Ba^ttal  eiectioii,  a  UtUe  to  tbe  left  t^i  (»^ 
median  line.  (After  Ton  Heckfinston*";' 
a,  skin;  5. 7>„  siiinal  cord;  «.««**: 
dulloTsaeulosa ;  d,  cranial,  ai.«De| 
polar  groore ;  e,  anudinoid ;  A  P*- ^7 
what  separated  from  Uie  «ntttocw: 'j- 
portion  of  pia  mater  turned  orer ;  g,J^ 
mater:  K  recurrent  roots  <rf  «*«.  'S 
lumbar  nerve :  *,  radix  anterior ;  I1.  i^ 
posterior  of  the  flfth  lumbar  nerw.t»- 
nlnff  free  tbrougti  the  •ra€hw**^li' 
sacral  nerve-roots  between  the  «!«»« 
aud  pia;  2:,  fllum  termlnale. 
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in  a  dilatation  of  the  central  canal  of  the  spinal  cord,  as  a  result  of 
which  a  lai^r  or  smaller  portion  of  the  cord  with  its  connective-tissne 
envelopes  becomes  converted  into  a  cystic  tumor.  The  dura  is  usually 
wanting  over  that  portion  of  the  sac  protruding  from  the  vertebrsB. 

According  to  von  Eecklinghausen,  the  wall  of  these  sacs  is  formed 
essentially  of  the  inner  spinal  meninges,  but  is  lined  on  the  interior  by 
a  cylindrical  epithelium,  and  has  at  some  part  of  its  inner  surface  an 
area  medullovasculosa — usually  on  the  ventral  side,  rarely  on  the  dorsal. 
Corresponding  to  this  condition  the  roots,  in  case  they  are  still  pre- 
served, spring  mostly  from  the  ventral,  rarely  from  the  dorsal  outer  wall 
of  the  sac     The  cavity  itself  is  crossed  neither  by  bands  nor  by  nerves. 

Myelocystoceles  occur,  in  the  majority  of  cases,  in  lateral  clefts  of 
the  vertebral  column.  They  show  a  tendency  to  be  combined  with  defects 
and  asymmetries  of  the  bodies  of  the  vertebras,  and  thereby  often  with 
shortenings  of  the  trunk,  which  at  times  affect  only  the  dorsal  region,  at 
other  times  also  the  lumbar  region.  Very  frequently  there  exists  at  the 
same  time  an  exstrophy  of  the  abdomen,  bladder,  and  intestine. 

Myelocystoceles  are  mostly  covered  only  by  the  outer  skin,  but  are 
sometimes  concealed  deep  down  in  the  soft  parts.  They  may  further 
be  combined  with  a  meningocele,  so  that  a  myelocystomeningocele 
arises. 

In  cases  of  rachischisis  there  sometimes  occurs  a  division  of  the 
spinal  cord  into  two  parts  (diastematomyelia),  most  often  in  the  case  of 
a  total  rachischisis,  in  which  indeed  the  rudiments  of  the  spinal  cord 
are  usually  only  indicated.  In  partial  rachischisis  such  division  is  more 
rare,  but  the  separated  strands  of  spinal  cord  are  better  developed,  and 
the  fibrous  and  bony  coverings  may,  at  the  beginning  or  end  of  the  cleft, 
send  dividing  septa  between  them.  Cases  have  occurred  in  which  each 
cord-half  possessed  an  H -shaped  area  of  gray  matter. 

In  the  earliest  embryonic  period  the  medullary  groove  is  fonned  by  the  develop- 
ment on  both  sides  of  the  median  line  of  wall-like  elevations  of  the  ectoderm  which  are 
designated  as  the  medullary  folds.  Through  the  converging  growth  and  union  of  the 
latter  the  medullary  groove  is  closed  and  formed  into  the  medullary  canal.  Thereupon 
the  cell-masses  (primitive  vertebral  plates)  lying  at  the  sides  of  the  newly  formed  canal 
fomi  an  envelope  about  it,  which  gives  rise  in  the  first  place  to  a  membranous,  non- 
articulated  vertebral  column.  In  this,  at  the  beginning  of  the  second  month,  there 
arise  discrete  cartilagindus  areas  from  which,  in  the  course  of  further  development,  the 
vertebral  bodies  and  arches  are  formed,  while  between  them  the  intervertebral  discs 
and  vertebral  ligaments  appear.  The  development  of  the  cartilaginous  vertebra*  is  not 
completed  until  the  fourth  month,  and  up  to  this  time  the  dorsiil  covering  of  the  med- 
ullary tube  consists  of  the  united  portions  of  the  membranous  vertebral  column.  The 
cartilaginous  constituents  of  the  vertebnu  are  in  the  course  of  development  replaced  by 
bone. 

The  origin  of  raehisehisis  is  to  be  referred  to  agenesia  and  hypoplasia  of  the 
medullary  folds,  which  should  form  the  medullary  groove  of  the  vertebral  arches. 
The  agenesia  of  the  spinal  cord  is  also  to  be  dated  from  the  very  earliest  period. 
Whether  it  is  a  primary  agenesia  predetermined  in  the  perm,  or  whether  extrinsic  in- 
jurious influences,  perhaps  toxic  substances  {Ilertwig),  pressure  from  without,  or  the 
mclosure  of  foetal  membranes,  may  have  secondarily  checked  development  or  have  de- 
stroyed parts  already  formed,  it  is  usually  difficult  to  determine;  but  the  symmetrical 
distribution  of  the  arrested  development  speaks  in  favor  of  the  former  view. 

In  cases  of  9pina  bifida  with  hernial  protrusion,  the  local  defects  in  the  bony  veiiebral 
column  and  Vie  defective  detelopinent  of  the  dura  mater,  which  is  usually  wanting  at  the 
Rite  of  the  protrusion,  are  to  be  regarded  as  the  primary  condition.  The  growth  of  the 
siic  may  be  explained  as  duo  to  congestive  and  inflammatory  transudation,  and  the 
residue  of  inflammatory  changes,  such  as  thickenings  and  membranous  adhesions,  may 
often  be  demonstrated  in  the  pia. 

Von  Reeklinghansen  refers  the  origin  of  myelocystocele  and  myelocystomeningo- 
cele to  a  deficient  growth  in  the  long  axis  of  the  vertebral  column,  characterized  ana- 
Vjmically  by  shortness  of  the  column,   absence  of  vertebrre   or  parts    of  vertebrae, 
separation  of  wedge-shaped  bony  pieces  from  the  bodies  of  the  vertebne,  and  by  uni 
lateral  defects  in  the  arclies.     The  neural  canal,  then,  in  the  course  of  normal  develoj)- 
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ment,  becomes  too  long  for  the  vertebral  canal,  and  in  consequence  becomes  carled r>f 
kinked,  and  there  is  a  tendency  to  a  partial  protrusion  of  the  medullary  tube  at  tbe 
point  of  sharpest  bending.  Marchand  believes  that  this  hypothesis  is  not  applicable  to 
all  cases,  and  Arnold  is  also  of  the  opinion  that  the  causal  relations  between  arrests  of 
development  in  the  muscle-plates  and  vertebral  anlage  on  the  one  hand,  and  those  of 
the  medullary  canal  on  the  other,  are  not  constant,  but  that  a  variety  of  bannMiniia 
ences  may  g(ve  rise  to  one  or  more  of  these  anomalies.  Luckseh  emphasizes  {»irtira 
lary  the  effects  of  pressure  as  the  cause  of  myeloschisis,  but  without  excludio^  otbrr 
causes. 

According  to  O.  Hertwig,  the  ordinary  spina  bifida  is  an  arrest  of  developiaBtf 
depending  upon  a  partially  prevented  closure  of  the  blastopore  {*'  Urmundspalte'^). 
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MALFORMATIONS   OF   THE   CRANIUM. 


S  134.  Faulty  development  of  the  cranium  and  the  associated  dis- 
turbances of  cerebral  development  lend  to  those  malformatioua  kitowii 
iLS  eraniosfhims.  acrania,  hemicrania,  mierocephaitu,  anencfphaliu,  exeaceph- 
aliis,  micrencephalua,  and  cephaloceU. 

Acrania  and  hemlcranla  or  cranioschisU  are  the  results  of  an  agene- 
sia or  hypoplasia  of  the  bony  and  membranous  portions  of  the  cranial 


FIG. :(%— Anencepbillaelkcninii.    Reducnl  Fin.  !IW.-rrmiil(Mcblslj  nlUi  EiennipballL 

vault,  which  arise  either  as  primary  disturbance.'}  of  development  or  as 
the  result  of  harmful  extrinsic  inflnences  upon  the  cerebral  anlage. 

In  acrania  both  the  bouy  portion  and  the  skin  of  the  cranial  vanlt 
(Fifts.  379,  ;!81)  are  wholly  wanting,  the  surface  of  the  t)ase  of  the  skull 

being  covered  only 
with  a  membranous 
vascnlar  tissue. 

If  the  defect  in 
the  cranial  vault  is  as- 
sociated with  asimilar 
defect  in  the  vertebral 
arches,  there  is  pro- 
duced the  condition 
known  as  craniora- 
chtschlsis  (Fig.  376), 
in  which  the  spinal 
column  is  usually 
shortened  and  bent, 
_  the    head    in    oonsp- 

^     . ,    _  onence   being  drawn 

Fia.  JH.^Putlkl  MrenMlH  of  Ibe  bonni  ot  tlii*  L-nnlum  In  tatTitr-         \  i     u      i  Z^    j        j 

Mimllfc   o-Defed:  b,»qiuunQi«portiononbeocdpl«lbone;  f.pirielal       Sharply  DllCKwarO  aUQ 

b«w;,r,rronuib«.«.  R«diu»d an».<uu..  H,e   face   turned  up- 

ward. Through  a 
marked  bulging  of  the  eyes  with  deficient  development  of  the  forehead, 
these  malformations  may  resemble  frogs  (^frogffetv.s). 
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Til  hemicranut  tlie  flat  boiK'S  of  1  lie  cranial  vault  have  niiderpone  more 
or  less  extenBive  development  (Fig.  381,  b,  c,  d)  and  form  a  eraniai 
cavity,  whicli  is  small,  iu  that  the  flat  bones  of  the  vault  are  eievated 
but  a  short  distance  above  the  base  of  the  skull.  If  the  bones  of  the 
cranium  which  have  uudei^oiie  an  imperfect  development  yet  unite  with 
one  another  as  under  normal  conditions,  there  is  produced  a  simple 
microcephalus,  which  may  be  present  at  birth  or  develop  later,  as  the 
result  of  imperfect  development  of  the  skull. 

Acrauiaand  hemicraniaare  often  associated  with  total  anencephalus, 
the  base  of  the  skull  being  covered  only  with  a  membranous,  vascnlar. 
spongy  mass,  which  is  usaally  composed  of  vascular  connective  tissue 
containing  scattered  haemorrhages,  and  showing  uo  trace  of  brain  tisHie 
or  only  undeveloped  rudiments  (area  cer^rovagaiJosa'). 

In  other  cases  the  meninges  contain,  besides  cj-stic  cavities  and  gland- 
like  remnants  of  the  medullary  plate,  also  more  or  less  developed  brain- 


substance,  which  usually  protrudes  through  the  defect  in  thecraui»l 
vault,  giving  rise  to  exencephalus  (Figs.  3S0,  371).  The  hernial  iiia.<ses 
are  either  inclosed  only  by  a  soft  membrane  corresponding  to  the  inner 
meninges,  or  they  may  be  covered  also  by  external  skin. 

With  microcephalus  there  is  also  mjcrencephalus — that  is,  an  abnor- 
mal smallness  of  the  brain.  The  development  of  the  brain  is  also  nsa- 
ally  deficient,  or  certain  portions  may  be  lacking. 

If  the  cranium  is  in  general  closed,  but  presents  partial  detatj> 
portions  of  the  cranial  contents  may  protrude  externally  in  the  form  nt 
a  hernial  eac.  Such  a  condition  is  known  as  hernia  cerebri  or  cephah^ 
ceie  (Figs.  382,  383).  Defects  of  ossification,  as  well  as  a  local  weaken- 
ing  of  the  nicmbrauons  cranial  envelope,  are  doubtless  the  primary  aiu!*. 
thongh  adhesions  of  the  meninges  with  the  amnion  may  also  l>e  a  ran.'t 
(St.-Hilaire).  The  dura  mater  is  wanting  over  the  extracranial  portion 
of  the  sac  (Muscatello). 

The  size  of  llie  protruding  sivc  varies  greally;  it  may  be  so  ranall  3>' 
to  be  found  only  after  careful  examination,  or  it  may  be  so  large  as  lo 
approach  the  brain  in  volume.  If  only  the  arachnoid  and  pia  protrnife 
as  the  result  of  a  collection  of  fiuid  in  the  subarachnoidal  space,  tb* 
hernia  is  designated  a  meningocele.  If  at  the  same  lime  there  is  a  pfo- 
trusion  of  brain -substance,  it  is  known  as  menlnKoenceplialocelc.  A 
hernia  of  brain -substance  and  pia  without  a  collection  of  flnid  is  an 
encephaloceie ;  if  the  protruding  brain-substance  contains  a  portion  of  > 
ventricle  filled  with  fluid,  it  is  designated  a  hydrencepliaiocele. 

Cerebral  hernias  occur  chiefly  iu  the  occipital  r^on  (hernia  oceifi- 
bdia),  close  above  the  foramen  magnom  (Fig.  3^2),  and  at  the  root  of 
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the  nose  (^hernia  »ffneipitalU).  In  the  latter  regtoa  it  may  at  one  time 
involve  chiefly  the  frontal  bone  {hernia  vaso/rontaUs,  Fig.  383),  at 
another  time  the  ethmoid  {hernia  nasoethmoid- 
alis)  or  the  lachrymal  bone  (hernia  nwio-orbH- 
alis).  More  rarely  hernias  o(;i^ar  on  the  sides 
of  the  skull  {hernia  laleraiii}  or  at  tlie  base  of 
the  skull  {hernia  basalts).  The  latter  may 
bulge  toward  tlie  nasopharynx  {hernia  Kpheno- 
pharyngea),  or  into  the  orbit  {hernia  spheno-orbit- 
alis),  or  into  the  fossa  sphenoniasillaris  {hernia 
apkenomaxillaris  ) . 

In  the  case  of  a  central  hernia  the  brain 
may  be  either  normal  or  moi-e  or  less  mal- 
formed. As  a  result  of  a  marked  stunting  of 
development,  particularly  in  the  r^on  of  the 
foremost  of  the  three  cerebral  vesicles,  the  cere- 
Fro.  3M.— SToophuiaJmo*  or  ry.  '^ruiu  may  remain  single,  while  at  the  same 
eiopto.  time  a  deficient  separation  of  the  ocular  vesides 

takes  place  (cydeucephtdia  or  cydoetphalia  of  St-- 
Hilaire).     In  severe  grades  of  this  form  of  disturbance  of  development 
only  one  eye  may  be  formed,  lying  in  the  middle  of  the  forehwid,  or 
two  eyes  united  t<^ther  may 
be  found  in  one  orbital  eavity 
(Fig.  384),  so  that  the  mal- 
formation may  be  designated 
cyclopia,  or  synophthalmus, 
and     as    arrhlnencephalus 
(Kundrat).     The  nose  is  also 
stunted  (Fig.  384)  and  forms 
a  proboscis-like  cutaneous  tag 
attached  above  the  eye.  and 
devoid    of    bony   foundation 
idhnwcephalia). 

When  the  eyes  are  sepa- 
rate, yet  abnormally  close  to- 
gether, the  nose  in  general 
niiiy  be  normal,  though  very 
small  at  the  root  {ceboeepha- 
lia). 

In  the  more  severe  grades 
of  these  malformations  the 
ethmoid  bone  and  nasal  sep- 
tum may  be  wanting,  and  the 
up[>er  lip  and  palate  may  be 
cleft  in  the  median  line,  on 
one  or  both  sides  (Kundrat). 
In  the  lighter  grades  the  fore-  fcnldS'tt"™ 
head  is  merely  reduced  in  size 
and  sharply  pointed  like  a 
wedge. 

In    the    severe   forms  of 
these  malformations  the  cerebrum  consists  of  a  sac  (Fig.  385,/,  t),  oc- 
cupying more  or  less  of  the  cranial  cavity  and  filled  with  a  clear  fluid ; 
at  those  points  where  the  sac  does  not  touch  the  cranial  wall  the  inter- 
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\  Huiuf^  apm^  is  filled  by  fiaid  distending  the  sabarachnoidalqnrf  (ft  t. 
Ill  the  leHB  marked  t'umm  only  iudividnal  xx>i^oi^  ^^  ^^  ^^^  ^^ 
uutievelope<L  thti^^e  partM  chiedy  affeete^l  being  the  olfactory  lobes  u&l 
nerves,  the  <Mir[)u«  c^liMom,  a  part  of  the  convolntions,  etc.  The  optr 
thulami  are  often  blendeti  together.  The  chiasm  and  the  optic  tract  vm 
\wi  absent  or  pretient.  The  corpora  quadrigemina  (A:),  pons,  mcdnib 
i)l>Iungata,  and  cerebellnm  ( / )  are  usually  unafTeeted* 

Thu  s|)inal  con  I  and  bmin  arise  fmni  tbe  meiiullary  ctmaL  la  that  portion  tiai^ 
to  l)ei*oine  tlie  bmin.  the  netixid  eaniil  cbangi»  very  early  into  three  Tesicles.  Tbf  b^ 
ttnteri<ir  of  these,  the  furebnun,  throws  out  from  its  laterzU  portions  the  primarj  t>p& 
vei»k*Ies.  while  the  middle  portion  grows  forward  and  upward  and  divides  ist</ L>' 
UUneeithtiion  or finrbmin,  and  the  dieneepheUvn  {thaiam^teepfuilon)  or  tifeenbmik,  Tvm 
the  former  are  developed  the  cerebral  hemispheres^  corpora  striata,  corpus  callo^i:^. 
and  the  fornix.  From  the  tweenbrain  are  formed  the  optic  thalamiand  thefl«?cf 
the  thini  ventricle.  Tlie  second  Tesicle  or  midbrain  forms  the  corpora  qiudrig«effii£3. 
while  the  thinl  ve*4cle  divides  into  the  isthmus,  metencephalon,  and  myekncepbaifE. 
from  which  there  are  deveiopeil  the  pons,  cerebelltmi,  and  medulla  oblongata. 

The  cerr*brai  p4>rtion  of  the  medullary  canal  becomes  inclosed  by  tbe  primitii'^ 
vertebral  plates  of  the  head«  which  fonn  the  membranous  primitive  skull,  th^  W 
portions  of  which  become  cartilaginous  in  the  second  month  of  fcetal  life.  Id  tlie  tJiini 
month  the  baaal  cartila^  and  the  membranous  yault  begin  to  ossify. 

Arct)rding  to  ft.  *Sf.-iAYa»jr,  Forttier^  and  Panum^  acrania  and  anencephalusaw; 
1)e  referred  to  an  abnormal  accumulation  of  fluid  in  the  cerebral  vesicles,  ^hfdrmjid^t 
occurring  before  the  fourth  month.  Daratte  and  DrrU  oppose  this  Tiew.  and  point  ust 
tliat  in  acrania  tlie  base  of  the  skull  is  usually  bulged  inward  and  not  pressnl  outvin 
They  therefore  seek  the  cause  of  acrania  in  a  pressure  exerted  upon  the  cfaoiuni  fnim 
without  ( Pf /*/«).  dtie  to  an  abnormal  ti^tness  of  the  cephalic  cap  of  the  amnioD.  vbira 
retards  the  development  of  the  cramuoK  Lebedeff  seeks  the  cause  of  tcmniaio^ 
abnormally  sharp  bt^ndlngof  the  body  of  the  embryo,  which  he  thinks  occurs  wheo  tbe 
cephalic  end  of  tlie  embryo  grows  abnormally  in  the  longitudinal  axis  or  in  a^  ttr- 
cephalic  covering  lai^  behind  in  its  development. 

By  the  slmq>  bending  the  change  of  the  medullary  groove  into  the  medullsiTcas&l 
is  tht)u*;lit  to  l)e  hindered,  or  the  canal  after  its  formation  is  destroyed.  Fntni  ttii< 
cf)uitl  l)e  explaiue«l  the  later  at>sence  of  the  brain,  as  well  as  of  tlie  membnnouspl 
oKiM^ms  cranial  covering.  The  cystic  formations  in  the  membranes  lying  upon  iff 
base  of  the  skull  are.  according  to  Lebetitff,  formed  from  the  folds  of  the  mcdalhn 
plate,  which  sink  into  the  mesoderm  and  are  then  snared  off. 

UertHig  thinks  it  possible  that  chemical  substances  circulaHng  in  the  blonl  t*^ 
secreted  from  the  wall  of  the  uterus  may  destroy  the  anlage  of  tbe  brain. 

According  to  K.  and  A.  Petrmi^  the  spinal  ganglia  in  anencephalns  are  always  nor 
mally  develo^d ;  on  the  other  hand,  the  colunms  of  Clarke,  the  lateral  ceiebellartnrtf 
and  the  buntiles  of  GJowers  are  either  wholly  wanting  or  are  imperfectly  developfj 
Likewise  the  pyramidal  tracts  are  wanting*  while  the  anterior-hom  ganglkxi-celk  ^'' 
the  anterior  roots  are  developed.  K,  and  A,  Betr«n,  therefore,  regard  tbe  BMUfonnani^ 
as  a  system-^lefect  in  which  the  neurones  of  the  second  onler  are  not  fonned:  and  tltf?^ 
incline  to  the  view  that  the  malformation  is  to  be  referretl  to  an  abnonnalaobfr^'- 
the  germ. 

Lltjerature. 

(  Defects  of  the  Cranium,   Cerebral  Hernia.  ) 

Adurmaim:   Die  SrhOdeldifforniitat  bci   der  Kncepbalocele  congenita,  Halk^'^'^ 
IHHl. 

Arnold:  Gehim.  RQckenmark  u.  Schddel  eines  Hemicephalus.     Beitr.  v.  12^2^  ^ 
IWI2. 

Zwri  Faile  von  multiplen  Hirnhernien.     Yiwh,  Arch..  119  Bd.  li«<> 
L'origine  et  Ic  mode  de  developpemeut  de  certaines  encephaioceles.    1^^  '' 
chir,,  1890.  . 

Bildungsfehler  d.  Centralnervensy stems  bei  Encephalocele.    Beltr.  v.  2jef»i 
XXV..  \mB. 

':  Mimbildungen  tl(*s  Menscben.  Jetm.  1865. 
Fridolin:  Leber  defecte  Schftdel.     Virch.  Arch..  116  Bd..  18«». 
Jueoiby:  Partiellc  Anencephalie  bei  einem  Embryo.    Virch,  Arch..  147  Bd..  1^*- 
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Jonkovski:  Hemikeplialie  u.  Prosoposchisis.    Virch.  Arch..  169  Bd.,  1002. 
Kluge:  Pydrenenkephalie.    Z.  f.  Heilk.,  1902. 
Kundrat:  Die  ArrhineDcephalie.     Graz,  1882. 

Lebedeff:  Entstehung  d.  Anencephalie  u.  Spina  bifida.    Virch.  Arch..  86  Bd.,  1881. 
Leonowa:  Anencephalie.    Arch.  f.  Anat.,  1890. 
Manz:  Das  Auge  hirnloser  Missgeburten.    Virch.  Arch.,  51  Bd.,  1870. 
Muhr:  Enccphalocele  anterior.    Arch.  f.  Psych.,  viii..  1878. 

Muscatello:  Dieangeb.  Spalten  desSchadels.  Langenbeck's  Arch..  47  Bd.,  1894  (Lit.). 
Petr^n,  K.  u.  O.:  Kervensystem  bei  Anencephalie  u.  Amyelie.  Virch.  Arch..  151  Bd  . 
1898  (Lit.). 

de  Buvter:  Schadel-  und  Rackgratsspalten.    Langenbeck's  Arch.,  40  Bd.,  1890. 
Schtirnoff.  Auatomie  d.  Centralnervensystems  bei  Ilemicephalen.  Stuttgart.  1894. 
Siegenheek  van   Heukelom:  Enccphalocele.     Arch.  f.  Entwickelungsniech.,  ir„ 

1896. 
Spring*:  Monographie  de  la  hemie  du  cerveau,  Bruxelles,  1853. 
Ssamoylenko :  Kephalocele nasofrontalis.     Beitr  v.  Bruns,  40  Bd.,  1908. 
Sternberg  ii.  Latzko.  Hemikephalus.    Z  f.  Nervenkrankh.,  24  Bd.,  1908. 
Talko.  Ueber  angeborenc  Hirnhcrnien.     Virch.  Arch.,  50  Bd.,  1870. 
Virchow.  Die  krankh.  GeschwQlste.  i..  1863. 

(c)  The  Malformations  of  the  Fojcc  aiul  Neck. 

§  135.  The  development  of  the  face  not  infrequently  suffers  disturb- 
ances leading  to  more  or  less  marked  facial  malformations,  which  may 
appear  alone  or  in  association  with  malformations  of  the  cranium.  If 
the  frontal  process  and  the  maxillary  processes  of  the  first  branchial  arch 
remain  in  a  rudimentary  state  or  are  destroyed  to  a  marked  extent  by 
pathological  processes,  there  persists  at  the  site  of  the  face  an  open  sinus 
giving  rise  to  the  conditions  known  as  aprosopla  (absence  of  the  face) 
and  schistoprosopla  (cleft  face),  which  may  also  be  ajssociated  with  a 
defective  development  of  the  nose  and  eyes. 

More  frequent  than  these  large  defects  are  smaller  cleft«  involving 
the  lips,  alveolar  process  of  the  upper  jaw,  the  upper  jaw  itvself,  and  the 
hard  and  soft  palates  (Fig.  386),  which  are  designated  as  chello-gna- 
thopalatoschlsis  or  *'  wolf's  Jaw.**  This  malformation  gives  rise  to  a 
communication  between  the  mouth  and  the  nasal  cavity  (Fig.  3S6). 
The  hard  palate  is  cleft  in  the  part  bordering  upon  the  vomer ;  the  soft 
palate  in  the  median  line.  In  the  alveolar  process  of  the  upper  jaw  the 
cleft  runs  between  the  canine  tooth  and  the  outer  incisor  or  between  the 
outer  and  inner  incisors.  The  malformation  may  be  bilateral  or  unilat- 
eral, and  is  sometimes  primary  and  inheritable,  at  other  times  acquired 
secondarily,  in  part  as  the  result  of  amniotic  adhesions  (Fig.  371). 

Not  infrequently  the  cleft  involves  only  special  poi-tionsof  the  regions 
mentioned,  as  the  upper  lip  (harelip,  labium  leporinnm),  or,  what  is 
rarer,  only  the  hard  or  soft  palate.  The  lightest  grades  of  this  form  of 
cleft-malformation  are  represented  by  a  ruftch  or  cicatricial  line  in  the  lipn, 
or  by  a  bifurcation  of  the  uvula. 

Prosoposchisis  or  oblique  facial  cleft  (Fig.  372)  is  the  designation 
applied  to  a  cleft  running  obliquely  from  the  mouth  to  an  orbit.  It  is 
usually  associated  with  malformations  of  the  brain.  According  to 
3Iorian,  three  forms  may  lie  distinguished.  The  first  is  a  cleft  beginning 
in  the  upper  lip  as  a  harelip,  passing  into  the  nasfil  cavity,  thence 
aronnd  the  ala  na.si  toward  the  orbit,  and  may  extend  even  Ix^yond  the 
latter.  The  second  form  likewise  begins  in  the  region  of  a  harelip,  but 
extends  outward  from  the  nose  toward  the  orbit.  The  third  form  ex- 
tends from  the  comer  of  the  mouth,  outward  througii  the  cheek  toward 
the  canthas  of  the  eye,  and  divides  the  superior  maxillarj'  process  exter- 
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nally  to  the  canine  tooth.  A  trangcerae  defl  of  Vie  eheek  also  occurs,  pas- 
ing  from  the  coruer  of  the  mouth  toward  the  temporal  r^oD, 

riedlan  facial  clefts  {nasal  deft)  run  in  the  median  line  involving 
the  nose,  tipper  jaw,  and  also  the  lower  jaw,  and  may  extend  as  far 
down  as  the  sternum.  The  tougne  may  also  be  cleft.  Further,  the  de- 
fect may  oxteiid  even  to  the  froutal  boue  and  brain. 

All  of  the  above-mentioned  clefts  may  be  confined  to  small  portions 
of  the  regions  mentioned,  and  moreover  attain  varying  depths. 

If  the  development  of  the  inferior  maxillary  process  of  the  fiia 
branchial  arch  Is  retarded,  the  inferior  maxilla  also  is  imperfectly  devel- 
oped or  wholly  wanting,  and  there  arise  those  malformations  knon  as 
brachygnathia  or  agnattila  (Fig.  387).    The  lower  portion  of  the  fxe 


appearsasif  cut  away;  the  ears  are  sometimes  brought  so  close  to  each 
other  as  to  touch  (aifnotia).  Usually  the  superior  maxillary  process 
are  also  imperfectly  developed ;  not  infrequently  the  ear  is  malfonuei 

Abnormal  lateness  of  the  mouth  (mtKrostomia),  abnormal  smalliifts 
(^microstomia),  closure  {atresia  oris),  and  duplication  of  the  month  (Of- 
tomia)  are  all  rare. 

When  the  embryonic  external  branchial  clefts  or  internal  bnuichial 
pockets  fail  in  part  to  close,  there  persist  fistulse  opening  either  wfer- 
nally  or  internally,  or  closed  cysts.  The  former  condition  is  kno^n  as 
fistula  coin  congenita.  The  mouths  of  the  external  fistulie  are  usually 
found  at  the  pide  of  the  neck,  more  rarely  nearer  to  the  median  line"' 
in  the  median  line ;  those  of  the  internal  fistulie  open  into  the  plwtyM. 
trachea,  or  larynx.  Very  often  the  remains  of  the  branchial  pocteis 
form  only  diverticula  of  the  last-named  organs.  The  fistulie  are  for  Ibe 
chief  part  covered  with  mucous  epithelium,  sometimes  ciliated,  annnj; 
therefore  from  the  visceral  branchial  pockets,  according  to  Ton  ^'^' 
tanecki  and  von  Mielecki  usually  from  the  second.  In  rare  cases  il>«^ 
is  found  a  complete  branchial  fistula  with  both  external  and  inlerw 
openings. 
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The  branchial  cysts  arising  from  the  branchial  pockets  are  Rome- 
times  lined  with  mucous  epithelium  (ciliated  epithelium)  and  contain 
fluid ;  hence  they  are  called  hydrocele  colli  congenita.  At  other  times  they 
possess  an  epidermoidal  covering  and  inclose  epidermoidal  cell-masses, 
and  are  therefore  classed  with  the  atheromata  and  dermoid  cysts.  Cysts 
of  the  neck  lying  in  the  median  line  and  reaching  to  the  hyoid  bone  may 
develop  from  remains  of  the  ductus  thyreoglossus. 

The  face  and  neck  are  developed  in  part  from  a  single  anlage,  and  in  part  from 
paired  anlage.  The  latter  are  represented  in  the  branchial  or  visceral  arches  growing 
from  the  lateral  portions  of  tlie  base  of  tlie  skull  ventrally  in  the  primitive  tbroat-wall. 
Tlie  single  anlage,  designated  the  frontal  process,  is  a  prolongation  downward  of  the 
base  and  vault  of  the  cranium,  and  is,  in  fact,  nothing  more  than  the  anterior  end  of 
the  skull.  Between  the  individual  branchial  arches  there  arc  at  a  certain  period  cleft- 
like depressions  known  as  the  branchial  pockets. 

The  frontal  process  and  tlie  first  branchial  arch  form  the  boundaries  of  the  great 
primitive  mouth-opening,  which  has  a  diamond  shape.  In  the  course  of  development 
the  first  branchial  arch  sends  out  two  processes,  the  shorter  of  which  applies  itself  to 
the  under  surface  of  the  anterior  portion  of  the  head  and  forms  the  upper  jaw,  while 
from  tlie  longer  one  the  lower  jaw  is  developed.  The  frontal  process,  which  forms  the 
anterior  boundary,  gives  rise  to  a  broad  prolongation  of  the  forehead,  and  then  pushes 
on  two  lateral  processes  which  are  known  as  the  lateral  nasal  processes.  By  further 
(iiiferentiation  of  the  central  portion  of  the  frontal  process  proper,  the  septum  narium 
!!<  formed,  which  by  means  of  two  spurs,  the  inner  nasal  processes,  produces  the  borders 
of  the  external  nasal  openmg  and  the  nasal  furrow.  The  lateral  nasal  processes  are  the 
lateral  portions  of  tlie  skull,  and  later  develop  within  themselves  the  ethmoid  labyrinth, 
the  cartilaginous  roof,  and  tlie  sides  of  the  anterior  portion  of  the  nares.  At  a  certain 
stage  they  form  with  the  superior  maxillary  process  a  furrow  running  from  the  nasal 
furrow  to  the  eye.  the  lachrymal  fissure. 

In  the  beginning  the  mouth  is  simply  a  large  sinus,  but  is  soon  separated  into  a 
lower  and  larger  digestive  and  an  upper  and  smaller  respiratory  portion.  This  separa- 
tion is  brought  about  by  the  development,  from  the  superior  maxillary  processes  of  the 
first  branchial  arch,  of  the  palatal  plates,  which  from  the  eighth  week  on  blend  into 
each  other  and  at  the  same  time  unite  with  the  lower  border  of  the  nasal  septum.  The 
uuion  of  the  anterior  portions  of  the  palatal  plates  takes  place  earlier  than  that  of  the 
posterior  portions. 

Through  the  union  of  the  contiguous  portions  of  the  frontal  and  nasal  processes 
wi'uj  the  superior  maxillary  processes  the  cheek  is  formed  and  a  continuous  superior 
maxillary  border,  from  which  are  developed  later  the  lip  and  tlie  alveolar  process  of 
the  upper  jaw  and  intermaxillary  bones,  wliile  the  external  portion  of  the  nose  devel- 
ops from  the  frontal  process.  The  intermaxillar}'  bones  are  developed  as  independent 
bones,  but  unite  very  early  with  each  otiier  and  with  the  upper  jaw. 
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{d)  FauUy  Closure  of  the  Abdominal  and  Thomcic  Cavities^  and  the  Accom- 
panying MaJfomiationa, 

§  136.  Arrests  of  development  in  the  formation  of  the  ventral 
body-wall  may  take  place  at  different  points  and  exhibit  different  grades 
of  severity.  They  occur  most  frequently  in  the  region  of  the  umbilicus 
where  the  closure  of  the  abdominal  cavity  takes  place  latest.  In  the 
case  of  imperfect  development  of  the  abdominal  wall  at  this  point,  so 
that  a  more  or  less  extensive  area  of  the  abdominal  cavity  is  closed  in 
only  by  the  x>Gritoneum  and  the  sheath  of  the  umbilical  cord — that  is, 
the  amnion— which  are  pushed  forward  by  the  abdominal  oi*gans  (Fig. 
388),  there  is  produced  the  condition  known  as  omphalocele,  or  hernia 
funiculi  umbilicalls,  or  umbilical  hernia.  The  umbilical  cord  is  at-, 
tached  either  to  the  summit  or  at  one  side  of  the  hernial  sac,  and  is  morel 
or  less  shortened. 

If  the  anterior  abdominal  walls  either  wholly  or  in  i)art  fail  to  unite, 
there  arise  those  conditions  which  are  designated  fissura  abdominaliSt 
or  gastroschisis  completa  and  thoracogastroschisis.  Tliese  are  char- 
acterized by  the  undeveloped  abdominal  coverings  not  having  been  sepa- 
rated from  the  amnion,  but  passing  into  it.  The  greater  part  of  the 
bdominal  organs  lies  in  a  sac  formed  by  the  amnion  and  peritoneum 
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{eventration).  The  peritoDeani,  however,  may  also  be  wautiiig,  likewise 
the  iitabillcal  cord,  aiid  the  umbilical  vessels  may  pursue  their  coarse  to 
the  placeuta  iudependeutly. 

A  cleft  coutiiied  to  the  thorax  is  called  thoracoschlsis.  Should  tlie 
heart,  covered  only  with  pericardium  or  wholly  fi-ee,  protrude  through 
ail  opeaiog  in  the  cardiac  regiou,  the  coiiditiou  is  desiguated  ectopia 
cordis. 

When  the  failure  to  close  is  confined  to  the  region  of  the  steruum, 
the  condition  la  desiguated  fissura  sterni.     This  defect  nuiy  invoho 
either  the  whole  or  a  part  of  the  sternum,  at  times  uffectiug  the  bones,  ■ 
at  other  times  only  the  skin. 

The  protrusion  of  the  urinary  bladder  througli  a  cleft  in  the  abdomi- 
nal wall  is  known  as  ectopia  vesicas  urlnariie. 

Clefts  of  the  abdomiual  wall  are  not  infrequently  associated  with 

clefts  of  the  parts  lying  behind  the  wall,  not  only  in  the  case  of  lat^ 

clefts  (total),  but  also  in  the  case  of  smaller  ones  (partial).     ^Vllen  a 

cleft  of  the  lower  portiou  of  the  abdominal  wall  is  associated  with  a 

cleft  of  the  urinary  bladder,  so  that  the  posterior  wall  of  the  latter  pi'o- 

tnides  through  the  abdominal  fissure  (Fig.   389,   e),  the  condition  is 

known  oa  fissura,  or  exstrophia,  or  Inversio 

K.      Occasionally    the    pelvic 

rethra  are  also  cleft,  the  latter 

td  by  a  groove  open  anteriorly 

rhe  exstrophy  is  then  said  to 

>ya  fissura  genitalis  audepls- 

lomiual  fissure  or  an  abdominal 
ire  is  combiued  with  a  fissure 
*,  there  is  produced  a  fissura 
estinalis  or  vesicointestinal  is. 
The  intestinal  fissure  is  sit- 
uated in  the  c^ciim  or  be- 
ginning of  the   colon,    and 
the    mucous   membrane  of 
the  cleft  intestine  protrudes 
through  the  opening  in  the 
same  manner  as  the  posterior 
wall  of  the  bladder,  so  that 
the  condition  is  called  ex- 
strophia or  Inversio  intes- 
tinl. 

If  the  omphalomesenteric 
duct  does  not  undergo  its 
normal  involution,  there  re- 
mains at  the  lower  end  of 
the  small  intestine  an  ap- 
pendix of  intestine  called 
__  Meckel's    diverticulum, 

F:a.388.-HeniiBfunicu.iumbiiic.ii..  Beduc«i  to on^twni.     ^j,; eh  arises  perpendicularly 

from  the  outer  margin  of  the 
intestine.  It  has  usually  the  appearance  of  a  glove-finger,  and  is  either 
free  at  its  end  or  attached  to  the  umbilical  ring,  sometimes  being  dilated 
at  its  end.  In  the  case  of  adhesion  to  the  umbilical  ring  the  intestinal 
mucosa  may  appear  at  the  navel  in  the  form  of  a  tumor  {ectt^ia  intesUni, 
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adenoma  wmMicMfc-).     In  very  rare  cases  a  cyst  lined  with  mncons  men- 
braiie  may  be  formed  iu  the  abdomiiial  wall  (ompfialometenteric  «^. 

Con^iiital  fistula)  of  tlie  iirachus,  that  is,  fistnlie  lying  vithin  (be  nm- 
biliciis  and  connecting  with  the  bladder  by  a  fistulons  tract,  depend  apvo 
an  incomplete  obliteration  of  the  urachnsor  of  thestalk  of  theallanlois. 
They  may  bo  associated  eitiier  with  an  opea  or  a  closed  nrethra. 


na.  3«e.— FtHun  ibdumlub  el 
f ,  bblu  uilnoni. 

The  development  of  tlio  body-fonn  from  Ibo  Bat  embryoaic  anlage  begins  by' 
8naring^lff  of  tlie  Individual  genn-layere  from  the  out«r  embryonal  area,  and  tbar  toM- 
ing  t(i  form  two  tubes,  the  budy-wall  aiid  the  slimeDtary  canal. 

The  Infolding  of  these  layera  takes  place  at  the  cephalic  aad  caudal  ends.  >svtll» 
at  the  lateral  portions  of  tlio  embryonal  aulage.  and  as  the  summits  of  tlie  folds  gralu- 
"        "       '  "  directions,  those  which  form  the  body-wall  produce g lut« 

)UDtcatc9  only  at   the  parietal  umbilicus,  by  mcMs  o(i 

, p ,  with  the  eavitv  of  the  extra-embryonic  jiortion  ol  ita 

blaatoderu  known  at  ibis  time  aa  the  vilclIiDe  membrane.  While  the  lateral  and  ^■ 
tntl  walls  of  tlie  embryo  are  being  Ihiin  formed,  within  the  body  the  iotesiiosH"^* 
hIim)  eliiapa  to  form  n  tube,  which  is  in  communication  at  only  one  point  tying  "W 
tlie  iiarietal  umbilii-iis,  known  as  the  visceral  umbilicus,  with  the  cavity  of  the  umhili 
cal  vraiele.  by  ntenua  of  a  channel  known  as  the  omphalomesenteric  duct. 

Umbilical  hernia  and  clefts  of  the  upper  portion  of  the  abdominal  wall  *f  '"" 
quently  ii'mbimil  vltli  cranioraehiscblsia,  while  exstrophy  of  the  bladder  and  blr^tot 
ls«rti-u  asanclHlHt  with  myelocystocele.  According  to  voa  JlefJetiaghaiun,  lite  "•" 
DMlformations  art'  t»  be  rrgard'ed  as  coOTdinHted  with  each  oiher.  Puttber,  br|t  u- 
dnmliutl  clefts  are  often  (tasociated  with  lordotic  and  scoliotic  curvatures  of  the  ipiw 
columu. 
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(r)  Mal/ormatUms  of  the  External  Genitalia  and  Anus,  due  to  Arrested 
l)eceliipmerit. 

%  137.  Malformations  of  varying  d^ree  of  the  external  genitals  may 
be  associated  with  mal  formations  of  the  abdominal  wall,  bladder,  and 
the  internal  genital  Cleans,  or  may  occur  independently  of  these.  Com- 
plete absence  of  the  external  genitalia  occurs  most  frequently  in  con- 
uection  with  other  malformiitious  of  this  region,  particularly  in  the  case 
of  sirenomelia,  yet  the  region  may  in  general  present  also  a  normal 
structure  (Fig.  392).     The  internal  genitals  are  usually  also  malformed.  ■ 

A  stunt^  condition  of  the  penis  is  not  rare,  the  organ  in  conse- 
qnenee  coming  to  resemble  more  or  less  the  clitoris.  This  condition  is 
usually  associated  with  a  hypospadias — that  is,  the  urethra  opens  oii 
the  under  side  of  the  organ,  either  beoeath  the  glans,  the  body  or  the 
root  of  the  penis  (Pig.  330),  or  finally  even  behind  the  scrotum  (A^gw- 


SED.— Hf  ponpuilu  witb  stUDOwt  of  ttM  penis- 
Reduced  one-Iourtb. 


FID.  381.— EpIspBillu. 

(Alter  AtaUeld.) 

tpadias  peritteoserotalis).  These  malformations  may  exist  in  penises 
otherwise  normally  developed,  and  depend  upon  a  partial  failure  of  the 
sexual  furrow  to  close. 

Epispadias  (Fig.  391)  is  that  condition  in  which  the  nretliral  opeiiing 
is  found  npoii  the  dorsum  of  the  penis.  It  is  more  rare  than  hypo- 
spadias, and  is  dependent  upon  a  defective  or  delayed  closure  of  the 
pehis,  so  that  the  cloaca,  before  the  closure,  becomes  divided  into  an 
intestinal  (anal)  and  a  genital  opening  (Thiersch).     Under  certain  con- 
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ditions  the  penis  remains  cleft  throughout  its  entire  length ;  at  the  same 
time  a  fissure  of  the  bladder  and  abdomen  may  be  present. 

Hypertrophy  of  the  prepuce  is  not  rare.     If  the  preputial  opening 
is  narrowed  so  that  the  prepuce  cannot  be  drawn  back  over  the  glaus 
the  condition  is  designated  a  hypertro- 
phic phimosis.     Total  absence  of  the 
prepuce  is  rare ;  an  abnormal  shortness 
is  more  frequent. 

Defective  development  of  the  scro- 
tum is  usually  associated  with  retention 
of  the  testicles  in  the  abdominal  cav- 
ity or  in  the  inguinal  canal,  and  leads 
to  appearances  whereby  the  external 
genital  organs  of  the  male  come  to  re- 
semble those  of  the  female,  especially  so 
when  the  penis  is  also  stunted. 

In  the  female  the  clitoris  as  well  as 
the  labia  majora  and  minora  may  show 
a  stunted  development.  Epispadias 
and  hypospadias  occur  also  in  the  fe- 
male sex,  the  former  coincidently  with 
a  fissure  of  the  abdominal  and  bladder 
walls  (Fig.  389).  In  hypospadias  a 
portion  of  the  posterior  wall  of  the  ure- 
thra is  lacking,  and  the  urethral  open- 
ing may  be  found  at  a  greater  or  less 
distance  within  the  vagina. 

Absence  of  the  urethra  occurs  in 
both  sexes  (Fig.  392).  In  girls  the 
bladder  may  open  directly  into  the 
vagina. 

Closure  (atresia)  of  the  urethra 
occurs  likewise  in  both  sexes,  and  re- 
sults either  from  a  partial  defect  of  the  same  or  from  obliteration  of 
the  orifice.  An  accumulation  of  urine  in  the  bladder  may  lead  to  a 
marked  dilatation  of  the  same  (Fig.  392). 

An  abnomal  narrowness  of  the  urethra  may  exist  in  a  portion  of 
its  course  or  throughout  its  entire  length.  Further,  its  lumen  may  be 
narrowed  as  the  result  of  a  hypertrophic  development  of  the  colliculns 
seminalis. 

In  rare  cases  multiple  orifices  of  the  urethra  have  been  observed. 
Further,  in  men  there  may  be  found  in  the  glans  X)enis  a  blind  tube 
lying  beside  the  urethra. 

Atresia  ani  simplex  is  a  closure  of  the  anus,  the  intestine  being  at 
the  same  time  well  developed.  It  may  arise  from  a  failui'e  of  the  ecto- 
derm to  fold  in  at  the  anal  site,  or  a  cloaca  already  existing  and  open- 
ing outward  may  again  become  closed  through  subsequent  adhesions 
(Frank).  If  the  rectum  does  not  end  immediately  above  the  anal  mem- 
brane but  higher  up,  there  exists  in  addition  to  the  atresia  ani  also  an 
atresia  recti,  a  malformation  which  may  occur  even  when  the  anas  is 
well  developed. 

When,  with  absence  of  the  anus,  there  is  also  an  arrested  development 
of  the  vaginal  wall,  which  grows  downward,  between  the  sinus  urogeni 
talis  and  intestine,  to  unite  with  the  perineum,  there  remains  a  eloa<^t 


Fio.  898.— Complete  absenee  of  tbe  uretbn 
and  external  genitals,  with  extreiwdisr 
tuition  of  the  body  due  to  an  enMinoas  dil- 
atation of  the  bladder.  Gompressloa  ao>l 
■tuntlnj?  of  the  lower  eztremitleB.  (In  ttnf 
posterior  wall  of  the  bladder  rwUmratB  of 
a  female  irenital  apparatus  in  the  Torn  ot 
portions  of  the  tubes  and  ovarfes  vt*n- 
found.) 
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in  which  the  sinus  urogenitalis  and  the  end  of  the  bowel  unite.  In 
other  cases  there  are  found  fistulous  communications  between  the 
rectum  and  the  bladder  or  urethra  (in  boys)  on  the  one  hand,  or  be- 
tween the  rectum  and  the  vagina  or  uterus  on  the  other  (atresia  ani 
vesicalis,  nrethraliSy  vaginaliSy  uterind). 

In  rai-e  cases  the  intestine,  in  the  case  of  anal  atresia,  may  open 
outward  by  means  of  external  fistulce  in  the  perineum,  scrotimi,  or 
sacrum.  Further,  external  fistulfe  below  the  anus  may  occur  as  remains 
of  the  post-anal  gut. 
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(/  )  Malformations  of  the  Extremities  due  to  Arrested  Development, 

§  138.  Defective  development  of  the  extremities  is  iiot  rare,  and  is 
to  be  referred  in  part  to  a  primary  defect  of  the  anlage  of  an  extremity, 
in  part  to  a  disturbance  in  the  later  development  of  the  limbs  or  the 
bones,  and  in  part  to  constrictions  caused  by  strands  of  the  foetal  mem- 
branes or  by  loops  of  the  umbilical  cord.  Further,  such  defective  devel- 
opment of  the  extremities  may  also  follow  malformations  of  the  central 
nervous  system.  According  to  the  degree  and  the  kind  of  malformation, 
t  lie  following  different  forms  may  be  distinguished : 

(1)  Amelus.  The  extremities  ai*e  completely  absent;  in  their  place 
are  found  only  wartv  or  stump-like  rudiments.  The  ti-unk  is  usually 
well  formed  (Fig.  393). 

(2)  Peromelus.     Stunting  of  all  the  extremities. 

(3)  Phocamdus.  The  hands  and  feet  are  alone  developed  and  are 
attached  directly  to  the  shoulder  and  pelvis  respectively. 

(4)  Microvieltis  (microbrachius,  micropus).  The  extremities  are  devel- 
oi>ed,  but  are  abnormally  small  (Fig.  394). 

(5)  Abrachius  and  Ap^ts.  Absence  of  upper  extremities  with  well- 
developed  lower  ones,  or  tnee  versa. 

(6)  Ferobt^ichim  and  Feropus.  Stunting  of  the  upper  or  lower  ex- 
tremities. 

(7)  Monobrachius  or  Mmopus,     Absence  of  one  of   the  upper  or 

lower  extremities. 
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(8)  8ffmptt»,  Sirenomeiia,  Symmelia.  The  lower  extremities  are  fnsnl 
Uigetlier  (Figs.  895,  396),  and  at  the  same  time  tarned  upon  their  airs 
so  that  their  external  aspects  are  iu  contact.     The  pelvis  is  nsoall; 


I.  aSl^Amelus.  no.  8Bi.— Mkruinelus  nitb  ciMln-UM  l« 


no.  8BS.— STrnpua  dt 
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defective,  as  are  also  the  external  jreiiitalia,  tbe  bladder,  ui'ethra,  and 
the  anus.     At  the  end  of  the  blended  extremities  feet  may  be  entirely 


Fin.  387.— Ataaenoe  ot  lemur  lod  Dbula.  Dlmlnatloo  In  ibe  namber  at  ptaaluiRea.  One-hall  nataisl  tlm. 
Fhi.  aoe.— PerodwtfEliiD  irllti  sjndBrtylltiin.  Lett  tund  ot  a  nsw-twro  cblld.  Sevon-elRlilbi  Qstural  ilze. 
Flcaea-aklagrvbotianieliaDdulii  F1K.S9B.    Seren-elgbUis  natural  size. 

wanting  (aympug  apm)  and  only  a  few  foes  may  be  present  (Fip;.  395) ; 
in  other  cases  (Fig.  396)  one  (sympuH  monopus)  or  both  feet  may  be  pres- 
ent (sffntpm  ^pus). 


I.  W1.— Skeleton  of  tbe  hand  (peroclilma)  ibnwn  In  Fie.  400.  Been  tnim  Ihi-dcml  Mrlle.  (After  OUo.) 
In  ritr.  100;  B.  ulna;  h,  radlun;  I,  oa  naifruUire:  f.  cm  luaatum:  !,  •»  trlaQKuliire ;  i.  as  ptaKanne'. 
DuLtaoxnlu'n  malm  supertuum ;  lb,  ot  multangulutn  onHoBrluai ;  e,  oi  mulUuuiuluin  mlDua;  7,  oa 
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(9)  Absence  of  individual  banes  may  occur  in  any  part  of  the  extremi- 
ties (Fig.  397). 

(10)  Perodactylism — stunting  of  the  fingers  or  toes — appears  in  a  great 
variety  of  forms,  but  in  general  is  seen  as  a  defective  devdopmeot 
{brachyphalangism)  or  complete  absence  of  individual  phalanges  (Figs. 
397,  399,  401,  c),  or  as  membranous  (Fig.  398)  or  bony  (Figs.  399,401, 
dy  e)  connections  between  the  fingers  (syndaetylimn). 

If  only  the  outer  fingers  or  toes  are  developed  while  the  middle  ones 
are  lacking,  there  arise  those  formations  (Figs.  400,  403)  designated  ^ 
deft -hand  and  deft  foot  (Kiimmel);     In  more  extensive  malformations 


Fia.40S.  PiG.40a. 

Fig.  40S.— Peropus  or  cleft-foot.    (After  Otto.)    Right  foot    a.  Great  toe ;  h,  UtUe  toe. 

Fin.  40B.— Skeleton  of  the  foot  In  Fig.  408, seen  from  the  doraal  side,  a,  Grmt  toe;  K  little  w,t. 
rudiment  of  third  toe ;  (f,  tibia :  e,  fibula ;  U  talus ;  if,  calcaneus ;  5,  os  aavlcukire ;  A,  os  cuneifuraie  raajs^: 
£,  08  cunelforme  minus ;  c^  os  cunelforme  tertlum ;  7,  os  cublforme. 

of  the  fingers  there  occur  in  part  also  malformations  and  defects  in  the 
region  of  the  tai^sal  and  metatarsal  bones  (Fig.  403)  or  carpal  and  metii 
carpal  bones  I'espectively.  These  malformations  are  designated  respet- 
tively  as  j>propi«  and  perochirus.  Absence  of  the  hand  or  foot  is  kuowu 
as  aehinis  or  apus. 
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study  of  Figs.  384  and  385).     Arch.  f.  Anat.  u.  Pliys..  1888. 
Groldmwn:  Beitr.  z.  Lehre  v.  d.  Missbild.  d.  Extremitaten.     Bcitr.  v.  Bruns,  vii., 

1891. 
dxisson:  Defect  d.  Oberschenkeldiaphyse.    Langenbeck's  Arch  ,  49  Bd.,  1894. 
Gruber:  Defecte  d.  Hand.    Arch.  f.  Anat.,  1868;  Defect  des  Radius.     Vircli.  Arch., 

32.  40  Bd.,  1861. 
HClavaceck:  Extremit&tenmissbildungen.     Dcut.  Zcitschr.  f.  Chir.,  48  Bd.,  1896. 
Joachimstlial :  Defecte  langer  ROhrenknoclien.     Dent.  med.  Woch.,  1895;  Brachy- 
dactylie  u.  Hyperphalangie.     Vircli.  Arch.,  151  Bd.,  1898;  Die  angeb.  Verbildung 
d  ob.  Extremitftteu,  Hamburg.  1900. 
Klaussner:  Die  Miasbildungen  der  menschl.  Gliedmaassen,  TViesbaden,  1900. 
Kummel:  Die  Missbild un gen  d.  Extremitftten,  Kassel,  1895. 
IjOtheissezi:  Mangel  d.  Oberschenkelknoclien.     Beitr.  v.  Bruns,  xxiii.,  1899. 
Mayer:  Spaltband  u.  Spaltfuss.     Beitr.  v.  Ziegler,  xxiii.,  1898. 
Melde:  Defect  der  Tibia  u.  Polydaktylie.     Inaug.-Diss..  Marburg,  1892. 
Mies:  Angeb.  Mangel  des  V.  Fingers  u.  Mittclhandknochens.     Virch.  Arch.,  121  Bd., 

1890 
Otto:  L.'c.,  §129. 

Paster.  Missbildung  der  Hftnde  und  Fllsse.    Vircli.  Arch.,  104  Bd..  1886. 
Pauly:  Mangel  der  Diaphyse  u.  der  unteren  Epiphyse  d.  Tibia.     Langenb.  Arch., 

xxiv.,  1879. 
Pfitzner:  Brachyphalangie.    Verb.  d.  anat.  Ges.,  1898. 
Poelchau:  Ein  Fall  von  Perodaktylie.     Inaug.-Diss.,  Kdni^sberg.  1891. 
Rasc^:  Syndactylie  und  Polydactylie.    Beitr.  v.  Bruns,  xviii.,  1897. 
B^nnert:  Beitr.  zur  Kenntniss  v.  d.  Missbildungen  der  Extreniitflten,  Leipzig,  1882. 
Huge:  Sirenenbildung.     Virch.  Arch.,  129  Bd.,  1892. 

Sch&fer:  Congen.  Defecte  von  Handen  und  Filssen.    Beitr.  v.  Bruns,  vii.,  1891. 
Steinhaus:  Congen italer  Tibiadefect.     Virch.  Arch.,  163  Bd.,  1901. 
Steinthal:  Ueber  angeb.  Mangel  einzelner  Zehen.     Virch.  Arch.,  109  Bd.,  1887. 
Strieker:  rel)er  angeb.  Defect  des  I^adius.     Virch.  Arch.,  31  Bd.,  1864. 
Teacher  and  Coats:  Siren  malformation.    Journ.  of  Path.,  iii.,  1895. 
Tschudi:  Vollst.  Verwachsung  aller  5  Finger.    Zeitschr.  f.  Chir.,  35  Bd.,  1898. 

§  139.  Among  the  abnormal  positions  of  the  extremities  congenital 
luxations  (slipping  of  the  articular  heads  from  their  sockets)  are  of  es- 
pecial interest.  They  are  most  common  at  the  hip-joint,  more  rare  at  the 
elbow-,  shoulder-  and  knee-joints.  According  to  von  Ammon,  Grawitz, 
Kronlein,  and  Holtzmann,  the  congenital  luxations  are  in  part  due  to 
hnril  arrests  of  dcvelqpnient,  but  may  also  be  the  result  of  mechanical  in- 
tiiienees.  In  the  case  of  the  hip-joint  the  disturbance  of  development 
i<?sults  in  a  small  and  imperfect  acetabular  socket,  and  the  head  of  the 
I'euuir  is  usually  more  or  less  imperfectly  developed.  The  small  acetab- 
ulum lies  in  the  nonnal  position,  but  the  head  of  the  femur  is  displaced, 
most  often  backward  (luxatio  iliaca).  At  birth  the  ligamentum  teres  is 
•always  intact,  and  the  capsule  of  the  joint  covers  both  the  head  of  the 
femur  and  the  acetabulum.  After  much  use  of  the  leg  the  ligamentum 
teres  becomes  stretched  and  may  tear,  the  capsule  becomes  dilated  and 
l)iij;:-like,  and  at  the  point  where  it  is  pressed  against  the  bone  may  be- 
tome  perforated.  A  new  joint  may  then  be  formed  through  the  prolif- 
eration of  the  surrounding  tissues. 

Abnormal  positions  of  the  feet  and  hands  are  to  be  referred  partly 
to  disturbances  of  development  and  partly  to  mechanical  influences 
exerted  upon  the  extremities  during  their  grow^th.  The  most  important 
i^  cons:enital  club-foot  (pes  equinovarus),  which,  according  to  Esch* 
1  icht,  is  to  be  referred  to  an  arrest  of  development,  by  which  the  foot  is 
l«*ft  in  the  foetal  position,  with  accompanying  abnormal  development  of 
tlie  boues  and  their  articular  surfaces.     The  inner  border  of  the  foot  is 
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sharply  elevated,  and  the  foot  at  the  same  time  bronght  into  plantar 
flexion.  The  collum  tali  is  elongated  in  an  anterior  and  inferior  direc- 
tion (Hiiter,  Adams).  If  the  children  thus  afiSicted  learn  to  walk,  they 
tread  upon  the  outer  side  of  the  foot,  which  thereby  becomes  flattened, 
while  the  foot  becomes  still  more  sharply  turned  inward. 

Congenital  club-foot,  though  usually  to  be  regai-ded  as  a  primary  db- 
turbance  of  development  of  the  affected  joint,  may  also  under  certain 
conditions  be  caused  by  an  abnormal  pressure  due  to  a  relatively  anall 
uterus  (Volkmann).  Under  these  conditions  develop  also  those  patho- 
logical positions  of  the  foot  known  as  pes  calcaneus  and  pes  valfus, 
which  are  characterized  partly  by  strong  dorsal  flexion  and  partly  by 
an  outward  twisting  of  the  foot.  Frequently  the  evidences  of  the  press- 
ui-e  to  which  the  feet  have  been  subjected  are  seen  in  an  atrophic  con- 
dition of  the  skin  and  portions  of  the  bones. 

The  position  of  the  hand  known  as  clubbed-hand  or  talipomanus  is 
caused  by  a  rudimentary  development  of  the  radius,  and  is  usually  asso- 
ciated with  other  malformations. 
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2.  Abnobmal  Position  of  the  Internal  Organs  and  of  the 

Extremities. 

§  140.  Of  the  abnormal  positions  of  the  internal  organs,  the  most  im- 
portant is  the  one  known  as  situs  inversus  viscerum — i.e.,  a  Jatn'^ 
transposition  of  the  internal  organs,  so  that  the  position  of  the  thoracic  awl 
abdominal  organs  forms  a  mirror-image  of  the  normal  position.  This 
condition  has  been  observed  both  in  double  monstei'S  and  in  single  indi 
viduals.  It  may  be  restricted  to  the  heart  alone,  or  to  the  aMominal 
organs,  or  more  rarely  to  a  part  of  the  latter  (situs  irregularis),  but  the 
last  is  rare.  In  geneml,  abnormal  positions  occur  especially  in  the  case 
of  the  abdominal  organs.     For  example,  the  kidney  is  not  infrequently 
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found  in  an  abnormal  position  {dystopia  renia),  nsnaUy  abnormally  low, 
80  that  it  approaches  tue  sacral  pjomoutory  or  lies  in  front  of  the  same. 
The  testis  is  not  rarely  retained  within  the  abdominal  cavity  (ectopia  in- 
tenia,  or  abdominalis  testis,  or  cryptorchismus),  or  within  the  inguinal  canal 
(edopia  inguinalis),  or  at  the  external  ring  (ectopia  pubica),  or  in  the 
fold  between  the  thigh  and  scrotum  (ectopia  cruroscrotalis),  or  in  the  peri- 
weal  region  (ectopia  perinealis),  or  in  the  fold  of  the  groin  (ectopia  cm- 
ralis).  Abnormal  positions  of  the  intestines,  particularly  of  the  colon,  are 
not  rare. 


{SUus  Inversus.) 
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Ameill:  Transposition  of  the  Visoera.    Amer.  Jour,  of  Med.  Sc,  1902. 
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Xuchenxneister:  Die  angeb.  vollst.  Verlagenmg  d.  Kingeweide  d.  Menschen,  Leipzig, 
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3.  Malformations  due  to  Excessive  Growth  or  Multiplioa- 

TioNs  OF  Organs  or  Body-parts. 

§  141.  The  malformation  known  as  general  giant  growth  occurs  as 
the  result  of  an  excessive  growth  of  the  entire  body,  either  during  intra- 
uterine life  or  later.  During  extra- uterine  life  such  an  abnormal  growth, 
may  occur  that  the  size  of  the  affected  individual  may  far  exceed  the 
maxiniuiu  normal  limits. 

Partial  giant  growth  may  also  take  place  during  intra-uterine  life  or 
afterbirth.  The  head  and  portions  of  the  extremities  are  usually  af- 
fected. A  unilateral  giant  growth  is  usually  restricted  to  the  half  of  the 
face  or  to  one  extremity,  but  in  very  rare  cases  the  hypertrophy  may  in- 
volve all  the  parts  of  one  side:  face,  trunk,  and  extremities.  In  extra- 
uterine life  trauma  sometimes  gives  the  impulse  to  a  pathological  excess 
9f  growth. 

Should  the  other  tissues  become  so  increased  in  any  portion  of  the  body, 
(he  extremities,  the  trunk,  or  face,  that  malformations  resembling  the 
skin  of  the  pachyderms  are  produced,  the  abnormal  growth  is  designated 
elephantiasis  (see  §  76,  Figs.  130,  131).  The  increase  in  mass  may  de- 
pend upon  a  new-formation  of  connective  tissue  or  adipose  tissue  or  of 
blood-vessels  or  of  lymphatics.  When  the  thickened  regions  are  sharply 
circumscribed  the  formation  is  regarded  as  a  tumor  and,  according  to  its 
structure,  is  classed  with  the  angiomata,  lymphangiomat^i,  or  fibromata 
(see  sections  treating  of  these  tumors). 

Circumscribed  hypertrophies  of  the  bones  oocur  in  various  portions 
of  the  skeleton,  and  are  sometimes  multiple.  The  bones  of  the  skull 
as  well  as  those  of  the  face  may  be  thus  affected,  and  there  occur  cases 
iu  which  the  hypertrophy  of  the  bone  may  be  so  extensive  that  one  or 
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both  of  these  regions  may  show  marked  disfiguration,  and  there  are  pm- 
duoed  conditions  which  are  known  under  the  general  term  of  lewitioxii 
ossea  (Fig.  137).  Circumscribed  hyi)ertrophie8  of  the  bones  lead  to  the 
formation  of  ostemnata,  or  exostoses,  which  are  often  multiple.  On  the 
trunk  and  extremities  local  growths  of  bone  may  lead  to  the  enlargement 
of  single  bones  as  well  as  to  the  formation  of  atypical  excrescences 
known  as  osteomata  and  exostoses,  which  are  not  infrequently  multiple. 
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See  also  §  7a. 

§  142.  The  occurrence  of  supernumerary  organs*  or  of  a  multipli* 
cation  of  parts  of  the  skeleton*  aud  of  the  muscular  system,  is  relatively 

frequent.  Such  phenomena  are  to  be  attributed  in  -p&rt  to  a  deavageor 
multiple  appearance  of  the  given  anlage,  and  in  part  to  a  more  marked 
development  or  persistence  of  organs  which  normally  remain  in  a  rudi- 
mentary state,  or  undergo  retrogression  during  the  period  of  growth. 
Further,  certain  of  the  conditions  included  under  this  head  may  be  it* 
garded  as  reversions. 

1.  Duplications  of  the  extremities.  A  duplication  of  an  eutii«  ex- 
tremity without  the  duplication  of  the  x>elvio  or  shoulder  bones  has  not 
been  observed  in  man.  Duplication  of  the  hands  and  feet  is  very  rare 
(Fig.  404),  but  a  number  of  cases  are  reported  in  the  literature.  The 
number  of  fingers  may  reach  nine  or  ten. 

Much  more  frequent  is  a  multiplication  of  the  fingers  (polydactyl- 
ism)  on  a  single  hand  (or  foot  respectively),  in  which  condition  the  super- 
numerary fingers  (or  toes)  are  attached  in  part  at  the  ulnar  or  radial  side 
(or  tibial  and  fibular  sides  respectively),  or  in  part  intercalated  between 
the  others  (Figs.  401,  a  ;  405).  Often  the  fingers  are  duplicated  only  is 
part — ^that  is,  by  the  cleavage  of  the  first  or  the  first  and  second  terminal 
joints  (Figs.  406,  407).  Those  attached  at  the  margin  of  the  hand  maj 
be  well  developed  (Fig.  405)  or  rudimentary.  Occasionally  they  appear 
as  small  pedunculated  fibrous  tumors.  In  the  fully  developed  sttpr 
numerary  fingers  or  toes  the  phalanges  (Fig.  405)  may  articulate  with 
the  metacarpal  or  metatarsal  bones  of  a  neighboring  finger  or  toe,  or  with 
their  own  (supernumerary)  carpal  or  tarsal  bones  (Fig.  401,  5a).  Poly 
dactylism  in  certain  caries  is  inherited  and  is  therefore  dependeut  npon 
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intriiisic  canses.     In  individual  cases  polydactylism  occurs  as  an 
lieritable  coudition  and  is  therefore  dei>eiident  upon  inlrinsie  causes. 


PlO.  IM.  FIG.  «5. 

Fio.  404, —PolrdactTUna  vlUi  foriilnit  Dl  Ihr  hBii<l.    (Atler  laniKmui.) 

w.born  clillil.    tjkeleloD.    Dupllixdun  at  Ibe  pluluicea  o[  (lie  [ouiUi 


fto.iix.  no.  407. 

TK1.40B.  -PolfdiftrUiin  uid  (TniUclTllnn  of  tbe  left  band.    Reduced  one-nnti. 
Fin.  (O^.—FolrdaclTllim  uid  Byndactrllim  ol  tbe  rigbl  toot.   Reduced  one-aiUk. 
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2.  Supernumerary  nipples  and  breasts  (hyperthelia,  hyper. 
mastia)  are  not  uncommon  malformations  in  both  sexes,  and  are  prob- 
ably to  be  regarded  as  a  rev^ei'sion  to  polymastic  racial  ancestors.  The 
snpernamerary  organs  are  usnally  situated  on  the  thorax,  along  two  lines 
converging  from  the  axillary  to  the  inguinal  I'egions,  but  in  rare  cases 
they  may  be  found  elsewhere — in  the  axilla,  on  the  shoulder,  on  the 
abdomen,  back  or  thigh.  They  are  usually  small,  but  in  the  eveut  of 
pregnancy  may  take  on  functional  activity.  The  number  of  the  nipples 
may  reach  a^  high  as  ten. 

3.  The  formation  in  men  of  breasts  resembling  those  of  women 
(gynecomastia)  is  i-arely  seen  in  well-develoi)ed  men  with  normal  ser 
ual  apparatus  (see  Hermaphrodism,  §  143),  but  it  not  infrequently  hap- 
pens that  the  male  breast  undergoes  a  moderate  enlargement  at  the  tune 
of  puberty. 

4.  Duplication  of  the  penis  is  of  very  rare  occurrence,  and  may  be 
associated  with  the  formation  of  two  urethrse  having  independent  open- 
ings into  the  bladder,  and  with  two  scrota,  the  two  penises  being  ^i- 
cally  developed  (Lange). 

5.  Supernumerary  iiones  and  muscles  are  of  frequent  occorrenoe. 
Supernumerary  vertebrw  may  be  found  in  any  part  of  the  spinal  column; 
and  at  its  lower  end  may  in  rare  cases  cause  a  lengthening  of  the  colomn, 
resulting  in  the  formation  of  a  tail.  According  to  Virchow,  three  forms 
of  tails  may  be  distinguished :  true  tails  containing  bones ;  false  or  im- 
perfect tails  which  represent  an  elongation  of  the  vertebral  colnmn, 
but  contain  neither  cartilage  nor  bones  (so-called  pig's-tail) ;  and  tail-like 
appendages  of  skin  which  consist  of  different  forms  of  tissue,  and  in  part 
are  to  be  classed  with  the  teratomata.  The  true  tails  are  very  rare;  ac- 
cording to  Bartels,  they  are  more  often  the  result  of  a  separation  or 
elongation  of  the  vertebne  than  of  an  increase  in  their  number. 

Beduplication  of  the  phalanges  of  one  finger  is  very  rare. 
Superfiumerary  ribs  in  the  neck  or  lumbar  region,  as  well  as  a  forking 
of  the  ribs,  are  not  rare. 

Supemuvieraiy  teeth  also  occur. 

6.  Duplication  or  cleavage  of  the  anlage  of  the  thoracic  and  abdom- 
inal organs  occurs  most  frequently  in  the  case  of  the  spleen,  pancreas, 
-adrenals,  ureters,  pelvis  of  the  kidneys,  and  lungs,  more  rarely  in  case 
of  the  ovary,  liver,  kidney,  testicle,  and  bladder. 
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4.  True  and  False  IIekmaphrodism. 

§  143.  The  fact  that  the  sexual  organs,  both  the  sexual  glands  and 
the  external  genitals,  of  both  sexes,  develop  from  originally  similar 
aiilage  which  contain  the  beginnings  of  all  the  sexual  organs  of  both 
se.xe.s,  makes  it  a  priori  probable  that  malformations  might  result  through 
unequal  development  of  the  anlage  of  the  right  and  left  sides,  or  through 
a  simnltaneous  development  of  organs  peculiar  to  both  sexes,  or  finally 
through  a  lack  of  harmonious  development  of  the  external  and  internal 
genitals. 

Those  malformations  which  are  to  be  referred  to  some  one  of  the  factors 
named,  and  which  are  characterize^  by  the  fact  that  the  sexual  apparatus 
of  a  single  individual  contains  parts  belonging  to  both'  the  male  and 
I'eniale,  are  grouped  under  the  designation  hermaphrodismus.  .  When 
both  sexual  glands  (testis  and  ovary)  are  x>i'esent  the  condition  is  called 
hermaphrodismus  verus  {hemiaphrodismus  glandularis^  Siegenbeek  van 
Heukelom).  If  the  mixing  of  sexual  characteristics  consists  merely  of  a 
combination  of  male  and  female  genital  passages  with  the  external  geni- 
talia of  the  opposite  sex,  the  condition  is  known  as  pseudohermaphro- 
dismus.    The  true  sex  is  determined  by  the  nature  of  the  sexual  glands. 

The  body  build  of  hermaphrodites  frequently  shows  a  curious  mixture 
of  male  and  female  characteristics.  For  example,  the  breasts,  neck,  and 
shoulders  may  correspond  to  the  female  type,  while  the  development  of 
the  beard,  face,  larynx,  and  voice  may  correspond  to  the  male  type.  In 
false  hermaphrodites  the  body  characteristics  do  not  always  correspond 
to  the  true  nature  of  the  sexual  glands;  a  male  may  resemble  a  female, 
and  vice  versa. 
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The  following  chief  types  of  hermaphrodtsm  may  be  dLsHngiiyi^: 

1.  Hernia^ rtMlUmiu  verua  or  ■ndroKviiea. — I.  Hermapkrodimut  rmu  i.- 
taleralig,  or  double-sided  hennaphrodiaiii,  is  ch&racterizpd  by  the  presence  on  k'ii 
■idea  of  both  ovary  and  Ustia,  or  the  pnsence  on  both  side&  of  an  oncan  coDliinin^bnib 
ovarian  and  testicular  tissue,  Heppnrr  Asaena  that  in  a  nine-n'onths-old  child,  bvitf 
hennaphroditic  external  icenitals,  with  vagina,  uterus,  and  tubes,  both  ovuy  ii 
testis  were  found  in  the  broad  ligament;  epididymis  and  vos  deferens  were  vsLtin;. 

2.  H erma-phroditmus  verut  un>iatera?ui,  or  one-sided  hennaphroflimn,  is  that  f 
ditioD  in  which  upon  one  side  there  exists  but  one  sexual  ;land,  while  on  \he  uh 
both  testis  and  ovary  are  present.     Sultix  has  reported  a  case  of  a  n-oman  of  forly-tbM 

i'eare  of  age,  who  had  menstruated  since  her  seventeenth  year,  in  whom  tberr  ku 
ound  upon  the  rieht  side  (castration  on  account  of  uterine  myoma)  a  hennipliiiidi:^ 


Fio. 408.  — Hemwiibrodliniiii nnis lalenlls.    (ARerObolonikT.)    a.IIt«lhra:l 
fenUutla;  d.  hymen:  r.  csnallg  arofrenltalla:  f.btulder;  0.  nglna;  A.  uteriuj  h,. 
MttDbe;  <i.  InfmidllHiluni  ot  lett  tube:  h.  1t4t  OTS171  1,  luraiDiKituin  onrll :  tn,  11 
turum;  n.  liMil  lube:  o.  tlgbl  teniele :  p.  ppldldnnki :  q. rtslit  tw  deferens ;  r.  UKunemiim  icrouciuo^ 
AboutonMuut  DiiUiral  ilie.    (Spedmen  in  Uie  cotlectkin  ot  tbe  PittliokiKlcal  InaUtuu  ol  Uw  (i«naui  l al- 
yatixj  In  Prague.) 

glaod,  the  nature  of  which  was  oonfinned  by  accurate  microscopical  examination.  Tk 
ovarian  portion  of  the  gland  was  typically  developed;  the  epithelium  of  the  s^mnif^- 
ous  tiibulefl  of  the  testicular  portion  consisted  of  follicular  cells  and  cells  of  gertuli. 
but  laclced  spermatogonia  and  seminal  cells.  Blicker  and  Laiuretux  have  alio  ll^ 
Bcribed  a  case  of  hermaphroditic  gland  occurring  in  a  child  atill-bom  at  eight  wd  > 
half  months.  In  the  hernial  sac  of  an  individual  twenty  yeara  old  Garrf  liemmislninl 
the  presence  of  a  tube  and  both  sexual  glands  with  parovarium  and  epicfidyiut  dh^ 
microscopical  examination  was  made  by  Simon). 

3.  Hermaphroditmua  verue  laltralit  is  that  condition  in  which  there  is  on  oitry  w 
one  aide  and  a  testis  on  the  other.  It  has  been  many  times  observed  in  mnn  [Ruiotp^: 
Stark,  Berthold,  BarkmD,  H.  Mryurt,  Kkbs,  Mesmer,  Ketlner,  and  others),  though  in 
the  majority  of  cases  no  careful  microacopical  examination  was  made,  and  when  nnv<i 
out,  ovarian  tissue  could  not  with  certainty  be  demonstrated.  Several  yean  if? 
Oboloniky  reported  a  case  (a  twelve-j-eaiMjld-eiri)  from  the  collection  of  the  Gtraui. 
Cniversity  in  Prague,  in  which  the  histological  examination  showed  on  the  rieht  sid*' 
a  testicle  (Fig.  408,  o),  and  on  the  left  side  an  ovary  (t),  but  it  is  to  lie  noted  tint  ovn 
were  not  seen  in  the  latter.  The  rieht  broad  ligament  contained  a  testis  (0),  »b  epi- 
didymis (p),  a  vaa  deferens  (9),  a  rudimentary  tube  (n),  a  round  ligament  (r);  the  Itf' 
broad  ligament,  on  the  other  hand,  contained  an  ovary  (J;),  with  an  ovarian  ligamrot 
(i),  and  a  well-developed  tube  (t).  Moreover,  a  uterus  (A),  vapina  (j),  and  »lso  a 
prostate  (6)  were  present.    According  to  the  reported  observationa,  the  comspoiKiiKS 
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eexual  passageB  may  be  present  or  in  part  wanting.  The  external  genitals  are  mal- 
formed, and  combine  structures  belonging  to  both  sexes. 

II.  Hermaphrodlsmua  spuriuA,  or  pseudobennaphrodbmusi  is  characterized 
b^  a  bisexual  development  of  the  sexiiai  passages  and  external  sexiinl  organs  in  associa- 
tion with  a  unisexual  development  of  the  essential  sexual  gland.  The  most  pronnuncetl 
cases  occur  in  males,  who,  m  addition  to  their  proper  sexual  organs,  possess  a  more 
or  less  nell-develop(d  vagina,  uterus,  and  tubes.  It  is  much  more  rare  to  find  in 
females  a  development  of  a  portion  of  the  Wolffian  duct. 

In  male  false  hemiaphrcxlites  the  external  genitals  are  frequently  malformed  aud 
approach  the  female  type,  while  in  female  false  hermaphrodites  the  external  genitals 
resemble  those  of  the  male  (Fig.  409). 

The  resemblance  of  the  male  external  genitals  to  those  of  the  female  is  brought 
about  by  a  stunting  of  the  penis  and  a  total  or  partial  failure  of  the  sexual  furrow  in 
the  peni^  to  close  (hypospadias),  so  that  the  two  halves  of  the  scrotum  are  separated, 
leaving  a  depression  beneath  the  root  of  the  penis,  which  represents  the  remains  of  the 
sinus  urogenitalis.     The  scrotnl  halves  come,  therefore,  to  resemble  the  labia  maiora, 
particularly  in  the  case  of  non-descent  of  the  testicles.     The  external  genitals  oi  the 
female  approach  in  appearance  those  of 
the  male  through  the  development  of  the 
clitoris  into  a  sort  of  penis  (Fig.  409,  a), 
while  the  vaginal  opening  is  narrowed  or 
closed  through  the  union  of  the  labia. 
The  vagina  and   urethra   have  a   com- 
mon  opening,   or  open  sepaistely   be- 
neath the  peni»-like  clitoris. 

The  atypical  development  of  the 
external  genitals  may  or  may  not  be 
associated  with  malformations  of  the 
sexual  passiures,  and  is,  therefore,  not 
dependent  upon  malformations  in  other 
portions  of  the  sexual  apparatus. 

1.  Pgeudoha-Tiuipkroditmut  masculi- 
nui  occurs  in  three  varieties : 

First,  pteuilohermaphTodirmus  maa- 
rulinu(inf<77iu«,  in  which  condition  the 
external  genitals  are  of  the  male  type, 
and  the  prostate  is  developed,  but  is 
usually  pierced  at  the  colliculus  semin- 
alia  by  a  canal  opening  into  the  urethra, 
the  former  being  continued  above  into  a 
rudimentary  or  more  or  less  well-de- 
veloped vaeina,  often  also  into  a  more 
or  less  well-formed  uterus,  and   even 

tubes.     The  male  organs  may  be  well      ._^ ,, „ 

developed  or  more  or  less  malformed.  PralB-llke  clltorli ; 

Second ,  pteudohermaphrodiamui  mos-      nlnui. 
ailinvt  AMnpIctut,  or  extemuit  et  inlernua, 

in  whichformthevagina,  uterus,  and  tubesare  present  in  a  state  of  rudimentary  or  more 
or  less  complete  development,  while  the  external  genitals  reaenilile  more  or  less  com- 
pletely the  [emale  type.  The  penis  presents  the  condition  of  hypospadias  and  resembles 
the  clitoris;  beneath  it  lies  a  furrow  at  whose  posterior  end  there  is  usually  an  orifice 
leading  into  a  short  vestibule  which  divides  at  once  into  a  urethra  and  a  vagina.  Some- 
times the  vagina  and  vestibule  are  separate.  In  rare  cases  the  external  genitals  appear 
normal,  but  the  penis  contains  a  double  canal,  the  upper  one  representing  the  uretnra, 
the  other  the  sexual  passage.  In  the  case  of  a  more  marked  development  of  the  ducta 
of  UQller  the  vasa  oeferentia  are  frequently  defective,  and  the  seminal  vesicles  are 
sometimes  wanting. 

Third,  pieudohermaphrodiimui  maacutinuB  extemui,  in  which  only  the  external 
genitals  depart  from  the  male  type,  and  resemble  more  or  less  closely  the  female.  As  in 
these  cases  the  bodily  habitus  often  simulates  that  oC  the  female,  the  true  sex  of  (he 
individual  may  easily  be  mistaken. 

2.  Piewiohennaphroditmus  femininui  also  occurs  in  three  similar  varieties,  but  is 
much  more  rare. 

In  paeudohermaphrodiamiis  femininus  tntemut  rudiments  of  the  Wolffian  ducts, 
lying  in  the  broad  hgament  or  in  the  uterovaginal  wall,  and  sometimes  extending  to 
toe  clitoris,  are  found  in  association  with  well-developed  ext«mal  genitals. 
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Paeudohermaphrodismua  femininus  exiemus  is  characterized  by  external  genltala 
resembling  those  of  the  niale  (Fig.  409). 

PseudohermaphrodiMttis  femininus  extemtu  et  intemus,  in  which  the  eztenul 
genitals  resemble  those  of  the  male  and  there  is  a  persistence  of  parts  of  the  Wolffian 
ducts,  is  very  rare.  Of  the  internal  male  genitalia,  there  was  found  in  one  case  a  piw- 
tate,  and  in  another  case  a  prostate  pier^  by  the  vagina,  an  ejaculatory  duct,  aod 
a  sac  resembling  a  seminal  vesicle,  which  opened  into  the  vagina. 

The  Internal  sexual  organs  develop  from  the  same  undifferentiated  anlagein  both 
males  and  females.  These  aulage  consist  of  a  sexual  gland  lying  on  the  medial  ante 
rior  side  of  the  Wolffian  body,  and  a  stjeual  paMage  known  as  the  du^t  of  MuUer,  The 
latter  develops  beside  the  Wolffian  duct,  and,  like  it,  empties  into  the  lower  end  of  tk 
bladder  or  into  the  sinus  urogcnitalis. 

In  the  nutle  the  duet  of  MuUer  disappears,  only  slight  traces  in  the  fonn  of  tbe 
uterus  masculinus  or  vesicula  prostatica  remaining;  the  primitive  sexual  gland  unites 
with  a  small  part  of  the  Wolffian  body,  which  Ij^omes  the  head  of  the  epldid}nns. 
another  small  portion  forming  the  vasa  aberrantia  testis  (organ  of  &ifYri(/«»).  tbei^ 
maindcr  disappears,  while  the  Wolffian  duct  becomes  the  vas  deferens  and  vesicula 
seminal  is. 

In  the  feinaU  the  Wolffian  body  and  its  duct  disappear,  leaving  only  a  trace  in  the 
form  of  the  gland-tubules  known  as  the  parovarium,  but  remains  of  tlie  duct  are  not 
infrequently  found  preserved  in  the  uterine  Mrall.  From  the  duetB  of  Midler,  which  in 
part  coalesce  at  their  lower  ends,  develop  the  vagina,  uterus,  and  tubes.  The  extreme 
upper  end  of  the  duct  of  Muller  not  infrequently  persists  in  the  form  of  a  little  pcdicled 
sac  attached  to  the  abdominal  end  of  the  tube,  the  hydatid  of  Morgagnu 

The  an  Inge  of  the  sexual  glands  appear  in  the  fifth  week.  In  mammalia  (probably 
also  in  man)  they  develop  through  a  localized  thickening  of  the  peritoneal  epillielium, 
which  bec:omes  the  germinal  epithelium  ( Waldeyer),  while  at  the  same  time  the  mso- 
derm  also  proliferates.  Whether  the  seminal  tubules  arise  from  peritoneal  epithelinm 
{Bomhaupt  Egli),  or  whether  they  are  derived  from  On  ingrowth  of  the  Wolffian  body 
into  the  testis-anlage  ( Waldeyer),  is  still  an  undecided  question  (KoUiker).  The  ov» 
arise  from  germinal  epithelium.  The  environing  cells  of  the  Graafian  follicle  aie 
regarded  by  Waldeyer  as  also  derived  from  the  germinal  epithelium ;  while  JCdUiker 
believes  that  they  probably  arise  from  the  Wolffian  body. 

The  signidcance  of  the  pedunculated  and  non-pedunculated  ?iydatids,  found  in  vary- 
ing numbers  near  the  globus  major  of  the  epididymis,  is  not  j'et  determined  {KiHikfr). 
The  non-pedunculated  cyst  known  as  the  hydatid*  of  Morgagni  is  regarded  by  Ua^'' 
as  a  remnant  of  the  duct  of  Muller.  According  to  Roth,  it  may  also  stand  in  u  close 
relation  to  the  Wolffian  body,  inasnmch  as  there  is  occasionally  found  a  vas  abemos 
of  the  epididymis  communicating  with  it. 

In  the  development  of  the  vagina  and  uterus  the  ducts  of  Muller  and  the  Wdfiin 
ducts  unite  at  their  lower  portion  to  form  a  rounded  quadrangular  cord,  the  genital 
cord.  At  the  end  of  the  second  month  the  ducts  of  Muller  blend  to  form  a  single  canal 
which  tlien  develops  into  the  vagina  and  uterus.  This  union  takes  place  first  Jie&T  the 
middle  of  the  genital  cord.  The  Wolffian  ducts  play  no  rdle,  though  remains  of  these 
are  found  at  birth  in  the  broad  ligament  (Kdlltk^r)  and  in  the  wall  of  tlie  uterus  (Bdgtf^ 
According  to  observations  of  Riedel,  remains  of  the  Wolffian  duct  are  found  in  about  a 
third  of  adult  females,  in  the  form  of  a  tube  lined  by  cylindrical  epithelium  surrounded 
by  muscle,  or  as  a  muscle-bundle  without  epithelium,  lying  anteriorly  and  to  the  side 
of  the  uterus  and  vagina. 

The  external  genitals  begin  to  develop,  even  before  the  cloaca  has  separated  into 
the  intestinal  and  genito-urinary  orifices,  by  the  formation,  in  the  sixth  week,  of  a  me 
dian  genital  tubercle  in  front  of  the  cloaca,  and  further,  of  two  lateral  folds,  the  gfniti^ 
folds.  Toward  the  end  of  the  second  month  the  tubercle  becomes  more  prominent.  a«d 
shows  on  its  lower  surface  a  furrow,  the  genital  f uitow.  In  the  third  month  the  cloaca 
becomes  divided  to  form  the  anal  and  genito-urinary  openings.  In  llie  male  embryo 
the  genital  tulx^rcle  becomes  tlie  penis,  the  glans  being  recognizable  as  early  as  the 
tliirdf  month.  In  the  fourth  month  the  furrow  closes  to  form  a  tube;  at  the  same  time 
the  two  genital  folds  unite  to  form  the  scrotum. 

The  prepuce  is  formed  in  the  fourth  month.  The  prostate  arises  in  the  thiid  month 
as  a  thickening  of  the  tissues  at  the  junction  of  the  urethra  and  the  genital  cord.  The 
glands  of  the  prostate  develop  in  the  fourth  month  from  the  epithelium  of  the  canal 
and  grow  out  into  the  surrounding  connective  tissue. 

In  the  female  embryo  the  closure  of  the  genital  furrow  and  the  genital  folds  do« 
not  take  place,  so  lliat  the  sinus  urogenitalis  remains  short.  The  genital  emincDce 
becomes  the  clitoris,  the  folds  become  the  labia  majora,  and  the  edges  of  the  genital 
furrow  the  labia  minora. 
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5.  Double  Monsters. 
(a)  Classification  of  Double  Monsters. 

§  144.  Twin-lormations  lying  within  a  single  chorion  may  be  divided 
into  two  large  groups :  tmm  cornpletdy  separated  from  one  another,  and 
twins  united  by  some  portion  of  their  bodies. 

Of  the  twins  completely  separated  from  one  another  there  may  be 
distinguished  two  types;  one  in  which  both  tmns  are fvUy  developed,  and 
one  in  which  one  twin  is  stunted. 

Twins  Joined  together  by  portions  of  their  bodies  may  likewise  be 
also  divided  into  two  groups :  twins  showing  uniform  development  and  ttcins 
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nhomng  an  unequal  decdopment.     To  tbe  latter  belongs  an  especial  gronp 
of  greatly  stuuted  piiraiiitic  forms  that  may  be  classed  a^  tenttomata. 

Aeeordiiig  to  the  situation  of  tlie  dnplicated  portions  of  the  body, 
there  may  be  disliniiiKbed  (Foerster) : 

1.  MoHRtra  duplieia  katadidyni»  or  dnpllcitas  anterior. 

2.  MonKira  dnplicia  anadidynia  or  duplicitas  posterior. 

3.  Moustra  duplieia  anakatadidyma  or  duplicitas  parallelo. 

lu  general,  these  may  also  be  piki- 
reniently  divided  into  three  &i^-* 
(Taruffi) : 

1.  Twins  united  chiefly  by  ihc 
epigastrium  and  thorax. 

2.  Twins  united  chiefly  by  iLr 
heads. 

■  3.  Twins    united   chiefly  by  the 
pelves. 


Fio.  4ia  CiG.  4U. 
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AhlfeUI  divides  the  double  monsters  into  two  chief  groups,  those  iiit 
tuplrte  and  Ihoite  tcUh  partial  doHbitng  of  the  aiial  drudurrg. 
In  very  rure  instances  triple  monsters  occur. 


{Double  MoHMers.) 

AUlUd:  Dip  Mlnbildiliifcen  des  Mensrhen.  Leipzig.  1880.  1883. 

FoaratW:  Die  MlMbilduDjtVQ  <tes  Menschen.  Jeua.  1863. 

VkrchftBd:  Mlssbililunfcpu.     Euleoburg's  ReslencjktopSdie.  sv.,  ISVT. 

TuuSI:  iSuir  onUiMmento  drtla  trmtoiona.    Mem.  della  R  Ace.  dclle  Sdfnn  dr!!' 

iMiliitodi  BnlogiM.  v.,  IMO:  vii.,  18S6. 

Seetilso^lSI. 

(6)  Tke  Chief  FanttM  of  DoMf  Mmuter*. 
§145.  Twins  separated  from  eacb  ottier  and  lying  within  a  m^ 
ehorian  are  de«ignateil  boaHdogous  twins.    They  are  always  of  the  nme 
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sex,  have  usually  a  common  placenta,  and  resemble  each  other  very 
closely.  If  from  any  cause  one  of  the  twins  should  die  after  its  body  has 
l)een  developed,  it  may  be  pressed  flat  by  the  continued  growth  of  its 
fellow,  giving  rise  to  the  condition  known  as  tetus  papyraceus. 

When  twins  possess  a  common  placenta  within  which  the  blood- 
vessels have  abundant  anastomoses,  the  heart  of  the  stunger  fojtus 
may  control  the  circulation  and  thereby  cause  changes  in  the  direction  of 
the  blood-stream  in  the  weaker  twin.  As  p-  result  of  this  the  latter  suf- 
fers severe  disturbances  of  development,  and  become:;  changed  into  an 
acardius*  a  monster  without  a  heart,  either  developing  no  heai*t  at  all  or 
only  a  rudimentary  one.  In  the  majority  of  such  cases  the  head  aUo  fails 
to  develop  (cieardius  aeephalus)  or  remains  rudimentary  (acardius  paraceph- 
aluH),  and  likewise  there  is  usually  no  development,  or  only  a  rudimen- 
tary one,  of  the  upper  extremities,  thorax  walls,  lungs,  and  liver,  while 
the  abdomen,  pelvis,  and  lower  extremities  are  more  or  less  perfectly 
formed  (Fig.  410).  According  to  the  development  of  the  extremities 
the  following  varieties  may  be  distinguished:  aeardius  paracepalus  (or 
aeephalus)  symptis,  monopus,  dipus,  monobrachius,  dibrachtus. 

In  rarer  cases  there  is  no  recognizable  development  of  any  part  of  the 
l)ody,  and  there  is  formed  an  aeardius  amorphus,  consisting  of  a  shapeless 
mass  covered  with  skin,  usually  without  any  indications  of  extremities, 
and  possessing  internally  only  rudiments  of  organs. 

Of  very  rare  occurrence  is  the  formation  known  as  an  aeardius  pseu- 
dtxieormus  (Fig.  411) — that  is,  a  monster  in  which  the  head  (a)  only  is  de- 
veloped, while  the  other  parts  of  the  body  are  represented  only  by  small 
rudiments  (ft,  e). 

Literature. 
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See  also  §  147. 

§  146.  Twins  equally  developed  and  united  to  each  other  occur  iu 
the  following  principal  types: 

1.  Duplicitas  anterior  (mxmstra  duplicin  katadidyma).  Anterior  da- 
plication  with  union  of  posterior  portions  of  the  body. 

Pygopagus  (Fig.  412).  Union  of  the  twins  in  the  region  of  the 
coccyx  or  of  the  sacrum.  According  as  the  union  is  more  or  le&s  exten- 
sive, the  sacrum,  coccyx,  lower  end  of  the  medullary  canal,  anus,  lower 
end  of  the  bowel,  and  the  sexual  apparatus  are  either  doubled  or  are  in 
l)art  single. 

Ischiopagus  (Fig.  413).  Union  of  the  twins  in  the  pelvis,  which 
thereby  forms  a  wide  ring,  the  two  sjicra  being  i>laced  opposite  each 
other.  The  anus,  lower  end  of  the  bowel,  and  the  sexual  organs  may  be 
sinjrlc  or  double,  and  the  number  of  the  lower  extremities  two  to  four. 
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Dicephalus  (Fig.  414)  and  dlpro«opus  (Fig.  415).  The  dupli<3lioD 
ia  limiteil  to  tlie  upiier  jtiirt  of  the  trank  aud  head,  or  only  to  the  dfcI: 
aod  bead,  or  the  liead  aloue,  or,  fioally,  only  to  portions  of  the  benL 
As  the  external  blending  increase  in  extent,  there  occarsalsoableadii^ 
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of  the  interual  oi^ns,  the  intcetine,  liver,  Inugs,  heart,  spinal  «>rd. 
brain,  etc.  According  to  the  nnmber  of  the  lower  and  npper  extremi- 
ties there  may  t>e  distinguished  dicephtda*  telrapns,  dipiis,  tetrat>rafhi*>- 
tribrackiMS  dibraehim  (Fig.  414).  When  the  heads  have  blended  thcrf 
maybedistinguisheddipro«opiM  tetrophthalmtu,  triophthalmtt*.  diopht/ialmu*. 
telrotHS,  triotiis,  diotug,  ditimnus,  monoatomus,  tribraehiua  and  dibrachiiu  (Fig- 
415). 

The  mildest  grades  of  dnplicitas  anterior  are  represented  by  the  raw 
cases  of  duplication  o/thcjair,  mouth,  or  nose, 

2.  Duplicitas  posterior  (monMra  duplicta  anadidyma).  Union  of  tbe 
tvins  at  the  head  and  thence  farther  downward  with  duplication  of  the 
posterior  parts  of  the  body. 

Cranit^Mgrs  (Fig.  416).  Union  of  the  twins  in  the  cranial  region- 
According  to  the  site  of  union  there  may  be  distingtiished  cranic^ff^ 
parultilin,  frontalis,  occipUaiis.  When  the  union  is  more  extensive  l>'>f- 
tious  of  tlie  brain  are  also  single. 

Cepbalothoracopagus  or  syncephalus  (Fig.  417).     Blending  of  th« 
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twins  ia  the  region  of  the  forehead  and  face,  and  in  part  also  of  the 
abdomen.  lu  the  region  of  the  united  heads  there  Ib  an  anterior  and  a 
IMJsterior  face  (jaMiM,  janicepa).  The  two  faces  may  be  equally  (janua 
Hummetrm)  or  unequally  developed  {janua  aaymm^troi),  one  face  being 
well  developed,  the  other  imperfectly.  The  interual  ot^ans  present  dif- 
ferent degrees  of  blending  and  union  into  single  organs. 

Dipygus.  The  dnplication  is  limited  to  the  lower  half  of  the  body 
and  the  lower  extremities,  while  the  upper  parts  are  either  wholly  single 
or  only  partly  cleft.  The  duplication  of  the  spinal  cord  may  begin  at 
different  heights.     According  to  the  number  of  extremities  different 


Fio.  4U.— Dkeptialiii  dlbmctilua  dlpiu.  Fm.  IIV— lilprosopm  dIMomiis  letroptalbalmiu  dlo- 

(lu  dlbnrbJus. 

forms  may  be  distinguished.  The  mildest  grades  of  duplication  are  con- 
tiiied  to  the  lower  eud  of  the  spinal  column,  the  anus,  and  the  external 
gcuitals. 

3.  Duplicltas  parallels  (viowAra  duplicia  anakatadidipaa).  Duplica- 
tion of  the  anterior  and  posterior  ends  of  tbe  body  with  parallel  positions 
of  the  trunk. 

Thoracopagus  (Fig.  418).  Union  of  the  twins  by  the  thorax.  Ac- 
cording to  the  site  and  extent  of  the  union,  as  well  as  the  number  of  ex- 
tremities present,  there  may  be  distinguished  different  forms,  particularly 
llie  following:  xiphopagus  (union  at  the  xiphoid  proces.s),  OemopOffM 
(union  at  the  sternum),  thoracopaffus  telrabrackiwt,  tribrachiits,  dibrachiiu, 
MrapuH,  trijms,  and  dipus.      Wheu  portions  of  the  faces  have  blended 
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there  resiiltK  a  prompolhoracopagua.     BlendiDg  and  uaioii  of  the  iDienial 
organs  intosinj;!*-  organs  vary  witli  the  degree  of  external  bleodiDg.    Tbc 
heart  may  be  donble  or  single,  in  the  latter  (uv 
Tiialformetl.      Thorawipagns    is    relatively  fre- 
quent. 

Rachipagus.     Blending  of  the  twins  in  the 
region  of  the  spinal  colnnm  is  verj'  rare. 

Literature. 

{Double  MonsUrt.) 
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Riihe:  Junicriifi  aBymniptroa.     Inaug.-Disn,.  Marburg,  ISt).*!. 
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^•e  also  §g  I8t  uod  14T. 

§  147.  Twins  Joined  together  but  unequally  developed  mny  occur 

in  any  of  the  double  fomiH  described  iu  §  146.  If  the  development  of 
one  of  the  twins  remains  mdiiuentary  und  if  its  heart  does  not  develop, 
its  iionrisbment  can  come  only  through  its  well-develoj)ed  fellow.  The 
iM-tter  developed  of  the  two  is  then  known  aa  the  autoslte,  the  other  as 
the  parasite.  If  the  parasite  is  of  only  veiy  rndimentary  development, 
it  ui»y  be  clas-sed  with  the  blgerminal  teratomata (cf .  J^J^  127  and  128). 


*.  uid  the  Ufprally  dbUrled  Di 

At  the  poHterior  end»  of  the  hody  there  may  occur  a  mdimeutary  double 
iiKnistrosity  in  the  form  of  an  increase  in  the  number  of  the  extremUies,  a 
IHili/mfloii  (Figs.  419,  420).  In  so  far  as  the  lower  extremities  are  con- 
<->'rued  .tnch  a  malformation  may  be  classed  as  an  ischiopiigus  or  a  dipy- 
KUs.  The  supernumerary  extremities  may  be  one  or  two  in  number,  and 
iiioi*  or  less  well  developed.  Further,  there  not  infrequently  occur 
nM'ryj/m!  teratowutla  in  which  the  pi'csence  of  rudimentary  extremities 
(Fic-  421,  o,  b,  c)  or  of  various  body  elements  leaves  no  doubt  that  the 
innior-like  fonnatiou  covered  by  the  skin  of  the  antosite  is  to  be  regarded 
35 
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as  a  double  monster,  n  rutlime»ta>y  pygopagiu,  or  else  as  ^ipygiu  paroKlicin. 
Such  a  piinisile  is  desifni^ted  a**  an  epipgffut. 

Su}H-mumernry  fjriiemilie»  (Fig.   422)  may  also  be  found    upon  tie 
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bNatMblcIooc.    Two  upper  utremluesprojwltrnm  the  ■DUrtoTFlieal-nU. 
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trunk,  or  thtre  man  occur  a  heaMesa  trunk  with  extremilieit  (Fig.  423),  or  » 
ruilimf'Htaf-y  thorax  without  extremities,  or,  finally,  terat(miatu  which  maj'  be 
iiittrpretwl  as  thoracopagus  paraaitieiix  (omphttlopagvi*)  -AnA.  ns  dipgffM  para- 
sitiru^.     The  nml formation  is  also  often  culled  epiffogtrita. 

The  inclusion  of  such  teratomata  beneath  the  skin  of  the  abdomen 
or  thorax,  or  within  the  abdomiual  or  thoracic  cavities  of  the  autosite, 
fjives  rise  to  the  condition  known  as  indusio  ftelaiis  aubcutunea,  or  aitdom- 
iiuilis,  or  mediaafiHalia.  The  abdominal  inclusion  in  also  designated 
enffo^riiu. 


FiG.4£3.— TboracopBKUi  parultlciu.    (AFier  Scbeak  tod  Orlfenberx.)    Psradw  Utached  to  cbait  of 
Fin.  m.—VtAgaUbOM.    (Atttr  Lanwicaui.) 

In  the  region  of  the  head  rudimentary  twin -formations  appear  most 
often  in  the  mouth  cavity,  forming  usually  an  amorphous  mass,  firmly 
attached  to  the  base  of  the  skull,  and  consisting;  of  skin,  connective  tis- 
sue, rartil;:^,  bone,  brain-tissue,  teeth,  intestinal  elements  and  muscle, 
and  rarely  developed  extremities.  Such  malformations  are  included 
under  the  designation  of  epignatkne  (Fig.  424). 

On  other  parts  of  the  head  (prosopopagus  parasiticus)  rudimentary  twin 
formations  or  bigerminal  teratomata  are  very  rare  (cf.  §§  127,  128) ;  hut 
tliev  oceiir  also  in  the  cranial  cavity  (meraniwi)  and  in  the  neck  (hygroma 
coll)'). 
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CHAPTER  X. 

The  Pathogenic  Fission-fungi  and  the  Diseases  Caused 

by  Them. 

I.    General  Considerations  Regardlnj^  the  Scliizomycetes  or  Fission- 
fungi. 

1.  General  Morphology  and  Biology  of  the  Fission-fungi. 

§  148.  The  Schizomycetes  or  fission-fungi,  often  also  designated 
collectively  as  bacteria,  belong  to  the  protophytes — that  is,  to  the  smallest 
simplest  forms  of  plant-life.  Many  of  them  are  so  small  that  they  stand 
npon  the  very  border-line  of  invisibility  even  with  the  use  of  the  highest- 
power  objectives  and  eye-pieces.  When  occurring  in  animal  tissues,  it 
is  often  very  difficult  to  distinguish  them  from  the  products  of  cell-dis- 
iutegi-ation ;  and  often  this  can  be  accomplished  only  through  the  em- 
ployment of  specific  reagents  or  staining-methods,  and  occasionally  only 
through  culture  experiments. 

The  Schizomycetes  throughout  ai'e  non-cJUaraphyUaceom,  unicellular  or- 
ganisnis,  but  as  a  result  of  their  growth  and  multiplication  they  often 
form  colonies  made  up  of  numerous  cells. 

The  form  and  character  of  the  single  cells,  as  well  as  their  manner  of 
growth,  division,  and  multiplication,  vary  greatly,  and  at  present  these 
differences  are  used  as  a  basis  for  the  classification  of  bacteria.  In  the 
first  class  are  placed  the  Cocci,  often  designated  as  Micrococci  or  as  Sphwro- 
bacteria  (Cohn),  that  form  of  bacteria  which  constantly  occurs  in  the 
form  of  spherical  or  oval  cells.  •  According  to  the  grouping  of  the  cells 
during  their  division,  there  may  be  distinguished  six  forms  of  cocci: 
doubte-cocci  or  Diplococd,  chain-cocci  or  Streptococci,  clustered  cocci  or  Staph- 
ylococci, tablet-cocci  or  Merismopedia,  packet-shaped  cocci  or  Sarcince,  and 
tube-cocci  or  Ascococci. 

The  second  class  constitutes  the  Bacilli  (rod-shaped  bacteria)  which 
formerly  were  divided  by  Cohn  into  Microbacteria  and  Desmobacteria,  ac- 
cording to  the  length  of  the  rods.  These  may  also  be  designated  as  short 
rods  and  long  rods.  In  association  with  the  designation  bacillus  many 
authors  use  the  term  Clostridium,  particularly  for  bacilli  which  during 
spore-formation  assume  spindle  or  club  shapes.  Long  threads  are  often 
also  called  Leptothrix. 

To  the  third  class  belong  the  Spirilla  (screw-shaped  bacteria). 
Screw-shaped  forms  with  short,  wide  turns  are  known  as  Spititta,  those 
with  drawn-out  turns  as  Vtbrios,  those  with  a  long,  closely  wound  screw  as 
Spirochcetes.  According  to  their  length  the  spirilla  may  also  be  divided 
into  sJiort  screws  and  long  screws. 

AH  of  the  bacteria  thus  far  referred  to  occur  either  in  one  single  form 
or  in  a  very  limited  cycle  of  forms  of  growth,  and  they  may  therefore  be 
grouped  together  as  monomorplious  or  oligomorphous  bacteria.    Cohn, 
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to  whom  we  are  indebted  for  the  fundameutal  fnvef^gations  T^:ard- 
ing  bacteria,  uuited  under  the  term  bacteria  only  the  oligomorpbic 
forms. 

Many  writers,  however,  classify  also  as  bacteria  those  organisms  which 
daring  their  development  pass  through  a  whole  series  of  forms:  spherical 
cells,  as  well  as  rods  and  simple  and  branching  threads.  These  may  l)e 
collected  into  a  second  group— the  polymorphous  bacteria — to  which 
belong  in  particular  the  fungi  known  as  Strepiothrix,  Cladcihrix.  Beg- 
giatoa,  Cretwtkrix,  and  Actinomyces.  Other  authors  (Lehmann,  ^ea 
mann.  Levy,  Lubarsch)  class  these  forms  with  the  HyphomycHes  or  regani 
them  as  ti-ansition  forms  between  the  latter  and  the  Schizomyceies,  Pe- 
truschki  collects  them  under  the  family  term  of  hair-fungus  or  Trich(m^ 
cetes,  and  classes  them  with  the  Hyphomycetes, 

All  of  the  Schizomycetes  consist  of  a  plasmatic  cell-contents  and  a 
cell*menibrane«  both  of  which,  according  to  Nencki,  consist  estsentially 
of  an  albuminoid  body,  mycoprotein*  which  varies  with  the  specicN 
Many  bacilli  contain  fat  within  their  cell-bodies,  at  times  so  abundantly 
that  it  may  be  demonstrated  by  staining  with  Sudan  HI.  Some  of  th<^^ 
bacteria  (tuliercle-bacillus,  lepra-bacillus,  and  actinomyces)  show  tbt* 
presence  of  fat  both  when  growing  in  living  tissues  and  when  cultivated 
upon  artificial  media;  others  (staphylococcus  aureus,  anthrax-bacillas. 
bacillus  of  glanders)  show  the  presence  of  fat  only  when  grown  upon  cer- 
tain media  (Sata).  In  many  forms  of  bacteria  the  membrane  under  cer- 
tain conditions  may  swell  and  appear  as  a  hyaline  capsule  surrounding 
the  bacterial  cell. 

In  all  forms  of  bacteria,  with  the  exception  of  the  cocci,  there  have 
been  obaer\'ed  swarming  movements  which  are  brought  about  by  means 
of  fine  thread-like  flagella  attached  singly  at  the  ends  or  scattered  over 
the  entire  bacterial  cell.  In  addition  there  also  occur  slow  oscillaton* 
or  gliding  and  creeping  movements  which  are  dependent  upon  the  con- 
tractile and  flexible  qualities  of  the  plasma^  Both  forms  of  motion  occur 
only  under  certain  conditions  of  nutrition  and  growth,  and  only  in  cer- 
tain species. 

riultipllcation  of  bacteria  takes  place  through  a  transverse  division 
of  cells  which  have  previously  become  elongated.  In  some  forms  divi- 
sion can  also  take  place  in  two  or  even  three  dimensions.  After  divisiou 
the  cells  separate  immediately  or  remain  for  a  time  attached  to  each 
other.  When  the  cells  remain  attached  after  dividing  transversely, 
threads  are  formed  (StreplococcuSy  Leptothrix) ;  after  dividing  both  trans- 
versely and  longitudinally,  flat,  tablet-like  colonies  {Merismaprdia*; 
after  dividing  in  all  three  dimensions,  colonies  resemblinir  a  solid  body 
(^Sarcina)  are  produced.  Long  threads  may  become  segmented  into 
shorter  pieces. 

According  to  the  investigations  of  Buchner,  Longard,  and  Riedlin,  the 
period  of  reproduction — ^that  is,  the  time  from  one  cell -division  to  the 
next — is,  in  the  case  of  the  cholera-spirillum  under  favorable  conditions 
of  nutrition,  about  fifteen  to  forty  minutes. 

If  resting  bacterial  cells,  as  the  result  of  a  constantly  progressing  re- 
production or  through  the  accumulation  of  neighboring  cells,  heap  them- 
selves anywhere  in  great  masses,  there  are  often  formed  jelly-like  eoltv 
nies,  which  are  called  zoogloea.  The  jelly-like  substance  is  formed  f  n>iii 
the  membranes  of  the  bacteria  and,  according  to  Xencki,  consists  i»f 
mycoprotein.  The  jelly  masses  may  assume  the  most  varied  form,  an<l 
occasionally  reach  a  large  size,  so  that  the  clumps,  or  lobulated  masses 
or  strands  mav  attain  a  diameter  of  one  to  three  or  more  centimetres. 
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Under  cortain  conditions  many  of  the  bacteria  form  spores.  Those* 
are  cells  which  ai^e  distinguished  by  the  fact  that  they  remain  alive  under 
conditions  in  which  the  ordinary  forms  of  vej^jetation  die;  and,  when 
brought  into  fresh  nutrient  solutions,  are  able  to  produce  a  new  gener- 
ation. Spo  'e-formation  is  most  frequently  endogenouB — that  is,  the  spore 
arises  inside  the  cells  (particularly  in  bacilli),  and  is  developed  out  of 
the  cell -protoplasm,  iu  which  there  appears  a  small  granule  which  grows 
into  an  oblong  or  round,  highly  refractive,  sharply-contoured  body 
always  remaining  smaller  than  the  mother-cell.  After  the  death  of  the 
latter  the  spore  is  set  free.  AHhrogenoxis  spore-format  ion,  as  observed  iu 
micrococci,  is  said  to  occur  through  the  direct  assumption  of  spore-quali- 
ties by  individual  members  of  a  colony  or  of  a  series  of  generations,  which 
at  the  same  time  remain  externally  unaltered  or  take  on  other  morpho- 
logical peculiarities. 

In  old  cultures  bacteria  nearly  always  show  degeneration-forms, 
which  are  swollen  and  distorted,  and  stain  poorly  and  irregnlarly. 

As  non-chlorophyllaceous  plants,  the  schizomycetes  are  restricted  in 
their  nutrition  entirely  to  ready-formed  organic  substances  which  are 
sr>luble  in  water,  and  which  are  also  supplied  to  them  in  an  abundance 
of  water.  In  addition  they  need  also  various  mineral  substances, 
especially  sulphur,  phosphorus,  potassium  or  rubidium,  or  ciesium  and 
calcium  (or  magnesium,  barium,  or  strontium).  Changes  in  the  condi- 
tions of  nutrition  may  modify  the  form  and  dimension  of  bacteria  and 
ilso  change  their  vital  properties. 

Some  of  the  fission-fungi  are  either  chiefly  or  wholly  i-estricted  for 
their  food-supply  to  dead  organisms  or  to  solutions  of  organic  matter, 
and  are,  therefore,  classed  as  saprophytes  ;  others  are  able  to  take  their 
iiiitrition  also  from  living  animals  or  plants,  and  live  as  parasites. 

If  bacteria  get  into  water  which  contains  no  food-material,  many  of 
them  die  in  time.     The  spores  survive  the  longest. 

Free  oxygen  is  necessary  for  the  development  of  many  bacteria; 
others  can  dispense  with  it  as  long  as  they  are  under  favorable  conditions 
of  nutrition  iu  other  resi)ects ;  others  develop  only  in  the  absence  of  oxy- 
gen. The  first  are  designated  obligate  aerobes,  the  second  facultative 
anaerobes,  the  third  obligate  anaerobes. 

The  pathogenic  bacteria  are,  according  to  Liborius,  fiicultative  or 
obligate  anaerobes. 

Carbon  dioxide  has  no  influence  upon  the  development  of  many 
bacteria,  as,  for  example,  upon  the  typhoid- bacillus  and  Friedliinder's 
pneumobacillus.  Upon  others,  on  the  contrary,  it  has  an  inhibitory 
a^'ition,  as,  for  example,  upon  Bacillus  indicus,  Proteus  vulgaris,  Bacillus 
phosphorescens,  the  bacilli  of  anthrax  and  cholera,  the  pus-cocci,  and 
others  (C.  Frankel).  The  bacilli  of  anthrax,  Asiatic  cholera,  and  of 
rabbit  septicaemia  die  out  in  a  few  hours  in  artificial  Seltzer  water,  but 
antlirax-spores  remain  alive  in  it  indefinitely  (Hochstetter). 

Intense  light  has  an  injurious  or  destructive  influence  upon  the  de- 
velopment of  many  forms  of  bacteria,  and  it  is  therefore  possible  to  dis* 
infect  by  means  of  strong  light  water  which  is  infected  (Buchner).  The 
vinilence  of  the  bacillus  of  anthrax  may  be  lessened  by  exposure  to  sun-^ 
light  (Arnold,  Gaillard).  When  exposed  to  the  direct  rays  of  the  sun 
anthrax  bacilli  die  in  twenty-four  to  thirty  hours,  the  spores  survive  as 
long  as  six  to  eight  weeks  ( Arloing,  Duclaux).  According  to  Geisler 
t  he  green,  violet,  and  ultra-violet  rays  are  particularly  active.  Accord- 
ing to  Rieder  bacteria  may  be  destroyed  by  the  Roentgen-rays. 
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TTi^  tomptfUire  of  tlx^norroondingiiiedinm  acta  in  general  upon  tLr 
tisw^^na  in  Mif'ti  »  way  that  wIm^  if  falln  the  life-prorcsve^  of  the  or^ran- 
l^fnA  fif#'/^yn#;  wfak#;r  and  nlower^  and  finally  reaae  entirely,  wfaetea»  with 
an  fU'VH^Um  rif  Ibe  temperature  they  rvie  to  a  certain  maximom,  and  at 
a  nhf(hi  imTea;<e  aborve  tbM  noddenly  ceane;  rtill  lugfaer  teniperatnre> 
kill  the  fnn^.  The  maximnm  of  permusible  temperatnre  lies  at  a  dif- 
ferent hei^bi  UfT  different  fnngi,  and  in  in  part  dependent  also  upon  the 
ehiiracfter  of  tlie  nutrient  rahHtanee.  There  are  forms  of  bacteria  which 
gnrw  well  at  a  tenifieratore  of  55""  C.  or  higher. 

A  low  temperature  ebeek.H  de%'elopment  in  all  varieties;  they  fall  into 
a  flAaie  of  immobility,  bat  do  not  die  even  at  great  d^rees  of  cold.  The 
immobility  dne  to  c^ld  occnra  at  different  temperatures  with  different 
varieties  Tlie  mcjNt  favorable  temperature  for  development  lies  between 
30''  and  4<r  C  for  the  anthrax  bacillos;  at  temperatures  above  44""  and 
lielow  ir/'  (*.  itM  development  ceaHes.  Many  bacilli  form  spores  only  at 
high  tempt;raiiiref4. 

lioUing  scaler  and  ateam  at  100^  C.  kill  all  bacteria  and  bacterial 
MporeM  if  allowe<l  to  act  for  some  time.  In  dry  air  bacteria  and  their 
MporeH  wiiliHtand  higher  temperatures,  so  that  a  temi)erature  of  140^  C. 
for  Uin*e  lionrH  is  nec(»Jtfiary  to  kill  the  latter.  Many  bacteria  are  killed 
at  n  tempemture  of  60°  to  70°  C,  provided  it  is  kept  up  for  a  very  long 
time. 

AnUiraX'Hporesdie  in  boiling  water  in  two  hours,  in  confined  steam 
in  ten  niltniteM.  Tiio  action  of  steam  at  105°  C.  for  ten  minutes  kills  all 
Mpoti*H.  Live  nteatn  kills  all  spores  in  ten  to  fifteen  minutes,  and  pene- 
tniten  very  well  into  the  objects  to  be  disinfected  (Koch,  Gaffky,  Loffler;. 

If  liMHton-fungl  find  themselves  in  a  suitable  medium,  their  multiplica- 
tion f*an  still  Im^  brought  to  a  standstill,  since  the  fluid  may  contain  sub- 
•lancaa  which  hinder  the  growth  of  the  bacteria  or  even  kill  them. 
Tills  elTecfc  is  piHMluood  by  many  substances  Csublimate,  lysol,  carbolic 
arid,  Iodine,  formaldehyde,  etc. ) — even  in  comparatively  gi^at  dilution. 
Other  milmtunccH  act  Injuriously  upon  the  bacteria  only  when  in  stronger 
ooncHMitmtton.  The  ]K)int  at  which  the  multiplication  is  hindered  is 
always  nmcheil  at  a  much  greater  dilution  than  that  at  which  the  bacteria 
aro  ktlletl.     8tH>ros  are  much  more  resistant  than  the  v^etative  forms. 

The  gmwlli  and  multiplication  of  luicteria  also  cease  in  the  case  of 
Inautftclent  amount  of  water.  The  fact  that  fruits  preserveil  in  sugar 
do  not  ferment-  and  that  stilted  and  dried  meats  do  not  putrefy  de|)ends 
upon  this  fuel*  FiHHl-stuffs  cjui  also  1^  preserved  through  the  removal 
01  vrater  and  by  the  addition  of  substances  which  are  dissolved  in  the 
tiTtsnertuids  ami  in  this  wiiy  increase  the  proportion  of  the  same  in  solid 
ei>nteut«.  The  limit  at  which  the  fission-fungi  and  yeast-fangi  cease  to 
dexTlop  is  reached  at  a  much  higher  degree  of  himiidity  than  for  the 

moulds. 

If  a  nutrient  Auid  contains  other  lower  fungi  besides  ihe  bacteria 
theiv  often  takes  place  a  competitkMi  between  the  diflerait  niaw-or^ 
ganlsms ;  ainl  fu^Uon  fnngi«  >iMists,  and  moulds  may  crowd  one  anolbrr 
tmts  Ukew ise  a  iwipnwd  crow^ins  brtwtcn  tJhe  bacteria  ttwaasdres 
ma>*  tKv^m  W>r  example^  oi^eci  may  be  erow^dedout  and  desdoyed  hy 
l>seilU.  ^>r  oiw^  form  of  Itacillns  by  another.  Tlus  would  happen  wbrn 
eittier  the  <HHa)>t^itKH)  or  the  tempetalnre  of  the  nutrient  aiediina  i^ 
v«^>re  fa\\>raMe  to  one  fiwm  than  to  the  oifa<4-;  <«r  also  wfaeii  ooe  form  ••f 
baet^a  ^>nH)nOi(Xi(  pn^nct:!;  which  act  injnnousJy  upm  the  other.  «4^ 
>9^hei^  oi^N\>nia  gt>>ws  mon^  rapidly  than  the  otber,  and  theivirr  drpn«n 
Itx  <s^«n)i<^it«>r  of  the  neew^saTy  foodsnpply^ 
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According  to  investigatious  by  Pasteur,  Emmericliy  Bouchard,  Woo<l- 
head,  Blagovestchensky,  and  others,  the  autagonisui  between  many  forms 
of  bacteria  is  shown  also  in  inoculation  experiments  on  animals.  By 
simultaneous  inoculation  with  different  bacteria  the  development  of  a 
pathogenic  bacterium  in  the  body  of  a  susceptible  animal  may  be  bin- 
dered.  For  example,  the  development  of  anthrax  bacilli  may  be  hin- 
dered by  simultaneous  inoculation  with  erysipelas-cocci  (Emmerich)  or 
with  the  Baeillna  pyocymieus  (Bouchard). 

The  question  as  to  whether  the  bacterial  cell  contains  a  nucleus  has  been  a  subject 
of  much  discussion.   A.  Fischer  denies  it,  while  BilUchliy  Schottelius,  Zxemann,  Zettnow, 
Sakanishi^nd  Feinberg  are  inclined  to  favor  the  affirmative  view.    According  to  Zett- 
now, the  bacterial  cell  contaiiis  chromatin  or  nuclear  substance  mixed  with  the  ento- 
plasm;  while  the  covering  of  the  cell,  or  ectoplasm,  does  not  contain  chromatin.   Accord- 
ing to  the  investigations  of  Ziemann,  Zettnow  y  Mid  Feinberg  ^li  is  possible  through  stain- 
ing with  a  mixture  of  methylene-blue  and  eosin  (fiomanowskx-HUkin)  to  demonstrate 
within  the  majority  of  bacteria  a  "nuclear  substance"  or  "chromatin"  (Ziemann, 
Zettnow)  or  a  "nucleus"  (Feinberg) — that  is,  there  may  be  demonstrated  within  the 
bacteria  structures  of  varying  size  which  stain  red  like  the  nuclei  of  malarial  Plasmodia 
(Romanowaki)  or  of  other  protozoa  or  of  tissue-cells,  while  the  cell-plasma   takes  a 
blue  stain.    According  to  NakaniMhi,  circumscribed  nuclei  are  found  m  voung  forms. 
The  Romanowski'Stain  is  a  mixture  of  methylene-blue  and  eosin,  wnereby  a  red 
dye  contained  in  methylene-blue  (Ao«in,  Berl.  klin.  TForAen.,  1899;  Nocht,  Cbl.f,  Baki., 
1899)  is  precipitated.    Zettnow* s  formula  is  as  follows:    50  c.c.  of  a   one-per-cent 
solution  of  a  Hochst  methylene-blue  is  treated  with  3-4  c.c.  of  a  five-per-oent  solution 
of  Roda.     To  2  c.c.  oi  this  there  is  added  drop  by  drop  while  shaking  1  c.c.  of  a  one-per- 
cent solution  of  Hitchst  eosin  BA.    Stain  nve  minutes  on  cover-glass  and  examine  in 
water. 

According  to  Ndgelif  Zopf,  and  others,  many  fission-fungi  possess  a  membrane  of 
cellulose  or  of  a  carbohydrate  closely  related  to  cellulose.  Certain  bacteria  (red  sul- 
phur hcuiena)  combine  within  their  cell-substance  coloring-matter;  others  (Bcudllus 
amylt^acter,  Spirillum  amylo/erum)  give  at  certain  stages  of  their  development  the 
starch  reaction  with  iodin. 

Babes  and  Emnl,  by  means  of  especial  staining  methods  w  ith  Ijdffler's  methylene- 
blue,  hematoxylin,  and  Plainer* %  nuclear  black,  nave  demoi^strated  the  presence  of 
qranules  vnOiin  different  forms  of  bacteria,  which  according  to  their  behavior  probably 
stand  in  some  relation  to  the  processes  of  division  and  spore-formation.  Ernst  desig- 
nated the  appearances  seen  by  him  as  sporogenous  granules,  since  he  was  able  in  certam 
bacteria  to  demonstrate  their  transition  into  spores;  he  is  inclined  to  regard  them  as  of 
the  nature  of  cell-nuclei,  a  view  which  Biitschli  also  favora.  Bunge  regards  the  gran- 
ules describe  by  Ernst  as  oell-irranules  which  have  nothing  to  do  with  spore-forma- 
tion, and  describes  other  granules,  which  stain  with  Ldffler's  methylene-blue,  as  the 
forerunners  of  spores.  Marx  and  Woithe  regard  the  Babes-Ernst  granules  as  not  being 
nuclei  in  the  ordinary  sense  of  the  word,  but  as  representing  products  of  the  maximal 
condensation  of  the  euchromatic  substance  of  the  cells,  which  are  a  sign  of  the  highest 
intensity  of  vitality  on  the  part  of  the  cell.  Wagner,  on  the  contrary,  holds  that  cer- 
tain bodies,  which  he  has  observed  in  typhoid-  and  colon-bacilli,  are  nuclei. 

According  to  Nakanishi,  the  spores  form  (in  anthrax-  and  hay-bacilli)  by  a  concen- 
tration of  the  chromophile  substance  about  the  nucleus,  while  the  remaining  portion  of 
the  protoplasm  becomes  clear;  a  membrane  is  then  formed  about  the  chromatin  body, 
it  takes  on  a  fat-like  shine,  and  loses  its  power  to  take  stains  (methylene-blue  BB). 

The  bacteria  are  able  to  take  the  cai1>on  necessary  for  their  growth  from  most  of 
the  carbon  compounds  which  are  soluble  in  water.  Iney  can  also  derive  their  carbon 
from  dilute  solutions  of  substances  which  in  greater  concentration  are  injurious  to  them 
^as.  for  example,  from  benzoic  acid,  alcohol,  salicylic  acid,  phenol,  etc. 

Their  oitrogeii  is  derived  from  aUmminaus  matter;  further,  trom  those  compounds 
designated  as  amins  (methyl-,  ethvl-,  propylamin),  amido-acids  (asparagtn,  leucin) 
and  amides  (oxamide,  urea),  as  well  as  from  the  ammanui-saits  and  in  part  also  from 
nitrates.  The  albuminates,  previous  to  their  assimilation,  are  changed  into  peptone 
by  means  of  a  ferment  given  off  from  the  bacteria.  Free  nitrogen  cannot  be  assimi- 
lated as  such.  Nitrogenous  and  non-nitrogenous  compounds  are  not  only  assimilable 
aa  such,  but  also  in  combination.  The  fission-fungi  are  able  to  take  nitrogen  from 
!  ammonia  and  nitric  acid  only  in  the  presence  of  organic  carbon  compounds. 

Sulphur,  according  to  Sdgeli^  is  essential  to  the  schizomyoetes,  and  they  take  H 
I  from  sulphates,  sulphites,  and  hyposulphites.  The  other  mineral  substances  men- 
I  tioned  above  are  derived  from  various  salts.    If  in  the  case  of  an  abundance  of  nutrient 
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material  there  is  too  little  water  present,  all  further  growth  ceases;  yet  many  of  the 
fission-fungi  are  able  to  dispense  with  water  temporarily.  Spores  suffer  little  from 
drying. 

Many  bacteria  are  very  sensitive  to  acids,  so  that  even  a  slight  decree  of  aciditr 
hinders  their  growth  (for  example,  anthrax  bacilli  and  the  Fpankel-vVeichselkjaiim 
pneumococcus).  Others  are  able  to  grow  with  a  moderate  amount  of  acid  in  the 
nutrient  fluid.  As  a  general  nile  they  are  especially  sensitive  to  mineral  acids,  but  the 
presence  of  a  large  amount  of  citric,  butyric,  acetic  and  lactic  acids  hinders  also  their 
multiplication.  In  this  conne^^tion  belongs  the  fact  that  the  products  of  decompo?^ 
tion  caused  by  the  fermentative  action  of  the  fungi  are  at  a  certain  degree  of  concentra- 
tion harmful  to  the  development  of  the  fungus,  and  finally  stop  its  growth  entirely. 
Thus,  for  example,  in  butyric-acid  and  lactic-acid  fermentation  the  amount  of  butyric 
or  lactic  acid  gradually  formed  finally  checks  the  multiplication  of  the  funffus.  A 
similar  result  occurs  in  the  bacterial  putrefaction  of  albumin,  since  the  products  of  the 
same,  such  as  phenol,  indol,  skatol,  phenylacetic  acid,  phenvlproprionic  acid,  etc., 
hinder  the  further  development  of  the  bacteria.  To  alkalies  tKe  fission-fungi  are  !<?« 
sensitive,  and  many  can  bear  a  rather  high  degree  of  alkalinity  in  the  nutrient  fluii, 
but  there  also  exist  forms  which  do  not  thrive  in  alkaline  fluids  (acetic-acid  funirus). 

According  to  the  investigations  of  Pfeffer  &nd  Ali-Cohen,  many  motile  bacteria  show 
cbemolactic  properties — that  is,  they  are  attracted  or  repelled  by  certain  chemical 
substances  dissolved  in  water.  Bacteria  swimming  about  m  fluids  collect,  therefore, 
at  places  where  there  are  chemical  substances  which  attract:  for  example,  typhoid- 
bacilli  and  cholera-spirilla  are  attracted  by  potato-juice  {Ali-Cohen).  Potassium 
salts,  peptone,  and  dextrin  likewise  attract,  but  the  individual  forms  of  bacteria  be- 
have very  differently  toward  these  substances  (P/effer),  Free  acids,  alkalies,  and 
alcohol  have  a  repelling  action. 
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§  149.  The  i^rowth  and  multiplication  of  the  fission-fungi  give 
rise  always  to  chemical  transformations  of  the  nutrient  material» 
which  are  brought  aboat  in  part  through  the  influence  of  ferments  pro- 
duced  by  the  baderia,  and  in  part  directly  through  the  metabolic  procesxti 
occurring  wUhin  the  cdls  themselves. 

Among  the  ferments  or  enzymes  are  to  be  mentioned  first  theprdc- 
olytic  or  albumin-dissolving  enzymes  {bacteriotrypsins)  which  bring  about » 
solution  of  the  albuminous  bodies  and  cause  the  disintegration  of  tk 
peptone-molecule.  Further,  bacteria  give  rise  to  diadjatic ferments  vbich 
convert  starch  into  sugar,  also  to  inrcrfin^/erwi^nte  which  transform  cane 
sugar  (disaccharid)  into  grape-sugar  (monosaccharid). 

The  chemical  results  of  bacterial  metabolism,  which  are  brougi'^ 
about  by  the  vital  activities  of  the  fission-fungi  aided  by  the  enzyiuf> 
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produced  by  them,  consist  in  the  first  place  of  a  decomposition  of  com- 
plex organic  compounds.  By  many  authors  all  these  processes  are  desig- 
nated as  fermentations,  while  others  (Lehmann)  speak  of  fermentation 
only  when  a  fission-fungus  breaks  down  a  given  food-material  with  espe- 
cial ease,  thereby  giving  rise  to  one  or  more  especial  products  in  marked 
quantity,  in  association  with  or  in  place  of  its  other  metabolic  products. 
Other  authors  still  narrow  the  term  fermentation  to  the  decomposition  of 
carbohydrates. 

In  the  decompositions  caused  by  tlie  fission-fungi  very  different 
products  are  formed,  which  vary  according  to  the  composition  of  the 
nutrient  material  and  the  character  of  the  fission-fungus.  For  the  pro- 
duction of  fermentation  a  proper  fermentable  material  is  necessary. 
Many  fungi  are  able  to  cause  fermentation  in  the  presence  as  well  as  in 
the  absence  of  oxygen,  while  to  some  of  them  a  lack  of  oxygen  is  neces- 
sary. 

Among  the  products  of  liacteria  of  especial  importance  to  the  physi- 
cian are  those  which  have  a  poisonous  action  and  cause  tissue-clianges, 
to  which  belong  particularly  those  substances  which  are  described  as 
ptomains,  toxins,  and  endotoonns. 

The  ptomains  are  basic,  crystallizable,  nitrogenous  products  of  the 
bacterial  decomposition  of  albumin  $  they  are  also  known  3S  putrefactive 
alkaloids  or  cadaveric  alkaloids.  They  show  in  part  poisonous  properties. 
The  best  known  are  sepsin,  putrescin  (dimethylethylendiamiu),  cadaver- 
in  (pentamethylendiamin),  coliidin  (pyridine  derivative),  peptotoxin, 
uenridin,  neurin,  cholin,  gadinin,  and  substances  resembling  muscarin. 

The  true  toxins  are  specific  bacterial  poisons  produced  by  pathogenic 
bacteria  and  are  secreted  by  the  latter,  giving  rise  to  the  severe  symp- 
toms produced  in  diphtheria,  tetanus,  and  sausage  poisoning.  The  en- 
dotoxins are  substances  clinging  to  the  bacterial  cells  that  also  have  a 
poisonous  action.  In  the  bacterial  cell  there  occur  also  the  bacterial 
proteins  which  give  rise  to  local  tissue-necrosis  and  infiammation.  The 
significance  of  these  substances  in  the  infectious  diseases  has  already  been 
mentioned  in  §  11. 

Among  other  decompositions  produced  by  iMCterla  the  following  are  worthy  of 
note:  the  u>nnation  of  lactic  acid,  formic  acid,  acetic  acid,  propionic  acid,  butyric  acid, 
often  also  the  formation  of  alcohol  and  carbonic  acid  from  sugar;  the  formation  of 
acids  (acetic,  butyric,  propionic,  valerianic,  succinic,  formic,  and  carbonic)  from 
alcohol  and  organic  acids;  the  formation  of  indol,  skatol,  phenol,  cresol,  pyrocatechin, 
hydrochinon,  nydroparacumaric  acid,  and  parojcyphenylaoetic  acid  (von  Nencki, 
Salkowaki,  Brieger\  and  finally  hydrogen  sulphide,  ammonia,  carbonic  acid,  and 
water  from  albumin;  the  formation  of  ammoniimi  carbonate  from  urea;  the  trans- 
formation of  nitrous  and  nitric  acids  into  free  nitrogen;  the  reduction  of  nitrates  to 
Qjtrites  and  to  ammonia,  etc.  Finally,  there  are  also  bacteria  living  in  the  soil — the 
nitro-bacteria — which  are  able  to  form  nitrous  and  nitric  acids  from  ammonia  {Wino- 
gradsky). 

Along  with  the  nitrification  of  nitrogen  there  occurs  simultaneouslv  a  decom- 
position of  earthy  alkali  carbonates,  as  shown  by  the  fact  that  the  nitrobacteria  are 
able  in  the  presence  of  oraanic  carbon  compounds  to  derive  from  the  carbonates  the 
carbon  necessary  to  the  buiQing-up  of  the  cells.  There  takes  place,  therefore,  through 
the  vital  activity  of  these  organisms,  a  synthesis  of  organic  material  out  of  inoixanic 
substances. 

Under  the  influence  of  the  fission-fun^i  there  are  formed  bitter,  sharp,  nauseating 
sitbstances  (bitter  milk).  Further,  bacteria  occasionally  produce  pigments  of  a  red, 
vellow,  green,  blue,  or  violet  color.  For  example,  BaciUus  vrodigiosus  produces  a 
blood-red  coating  upon  bread  (bleeding  bread);  bandages  ana  pus  take  on  a  bluish- 
green  color  as  the  result  of  the  presence  of  the  Bacillus  pyocyaneus.  In  many  cultures 
there  is  also  formed  a  fluorescent  colorinsr-matter. 
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The  phosphorescence  not  infrequently  seen  upon  decomposing  sea-fish  depends 
also  upon  bacterial  products  of  decomposition,  as  has  been  ^own  by  Pfiuger,  and 
appears  when  there  is  an  active  multiplication  of  the  bacteria. 

Literature. 

(ChemicaL  Changes  Produced  hy  Sckksomycetes.) 

Baumann  u.  v.  tIdrAnszky:  Vorkommen  von  Dtaminen  (Ptomainen)  bei  Cystinark. 

2^itschr.  f.  phys.  Cbem.,  xiii.,  1889. 
Bocklisch.  Pftulnissbasen  aus  Fischen.    Ber.  d.  Deut.  chem.  Ges..  xviii.,  1885. 
Brieger:  Ueber  Ptomaine,  Berlin,  1885,  1886;  Berl.  klin.  Woch.,  1886;  Zosammen^t- 

2&ung  des  Mytilotoxins,  nebst  einerUcbersicht  der  bisher  in  ihren  HaupteigeaselMf- 

U^n  bekannten  Ptomaine  und  Toxine.    Virch.  Arch.,  115  Bd.,  1889 ;  Bakteriengifte. 

Zeitschr.  f.  Hyg.,  xix..  1895. 
Buchner:  Active  lOsliche  Zellproductce.    MOnch.  med.  Woch..  1897. 
Oahen:  Ueb.  d.  ReductionsvermOgen  d.  Bakterien.    Zeitschr.  f.  Hyg.,  ii.,  1887. 
Dudaux:  Ferments  et  maladies,  Fiaris,  1892. 
X^lLxnan:  Enzyme  der  Bakterien.    Cbl.f.  Bakt.,  zxix..  1901. 
van  Brmengom:  Anafirob.  Bacillus  u.  seine  Bez.  z.  Botulismus.    Zeitschr.  f.  Hjg..  26 

Bd..  1897. 
Fermi:  Die  Leim  und  Fibrin  lOsendenu.  die  diastatischen  Fermente  der  Mikioorgan- 

ismen.    Cbl.  f.  Bakt.,  vii.,  1890. 
Forster:  Ueb.  einige  Eigenschaften  leuch tender  Bakterien.    Cbl  f.  Bakt.,  ii.,  1887. 
Qamalela:  Les  poisons  bacteriens.  Puis,  1892. 
Qautier:  Sur  les  alcalotdes  derives  de  la  destruction  bact^rienne  ou  pfaysiologique  des 

tissus  animaux,  ptomaines,  et  leucomaTnes.    Paris,  1886. 
Huaemann:  Ptomaine.    Arch.  d.  Pbarmacie»  1880-83. 
Ingettkamp;  Unsere  Eenntnisse  v.  FSuInisa  u.  Gfthrung.    Zeitschr.  f.  klin.  Med.,  x.. 

1885. 
Xrannhals:  Ueb.  Kephir  u.  Qb.  den  Kephirpilz.    Deut.  Arch.  f.  klin.  Med.,  xxxt^ 

18^. 
Lassar:  Die  Mikrokokken  der  Phosphorescenz.    PflQger*s  Arch.,  xxl.,  1880. 
ItUderits:  Zur  Keuntn.  d.  auaeroben  Bakt.    Zeitschr.  f.  Hyg.,  v.,  1888. 
lAidwi^:  Die  bisli.  Unters.  fiber  pathogene  Bakterien.    Cbl.  f.  Bakt..  ii.,  1887. 
T.  Kencki:  Zersetzung  d.  Gelatine  u.  d.  Eiweisses  bei  d.  Fftulnias  mit  iSuiknas.  Bern, 

1874;  verschied.  Arb.  im  Joum.  f.  prakt.  Chem.,  im.  Joum.  f.  phys.  Chem.  u.in<l 

Ber.  d.  Deutsch.  chem.  Ges.  a.  d.  J.  1876-81 ;  Die  Anaerobien  u.  d.  Gibnisgen. 

Arch.  f.  exp.  Path.,  xxi.,  1886. 
Oppenheimer:  Toxine  u.  Antitoxine.,  Jena.  1904. 
Pflilffer:  Pfltlger^s  Arch. ,  1875;  Phophorescenz  der  lebendlgen  Orgaoismen.    Aidi^f- 

d.  ges.  Phys.,  x..  1875;  Phosphorescenz  verwesender  Organismen.     lb.,  xi.,  1S75. 
Podwysaoaki:  Kephir,  Petersburg,  1894. 
Salkowaki:  Zahlr.  Arb.  i.  d.  Ber.  d.  Deut.  chem.  Ges.;  Zeitschr.  fl  phys.  Chem. aus 

den  letzten  Jahrzehnten. 
Vau^han  and  Novy :  Cellular  Toxins,  1902. 
Wino^radaky :  Rech.  sur  les  organismes  de  la  nitrification.    Ann.  de  Tlnst.  Pist«ur. 

1890,  1891. 
WoTtmann:  Ueb.  d.  diastatische  Ferment  d.  Bakt     Zeitschr.  f.  phv&  Cbem..  n.; 

Pfianzl.  Yerdauungsprocesse.     BioL  Cbl.,  ill.;  Organismen  d.  Nitril!catib& il ibre 

physiol.  Bedeutung,  Landwirthsch.  Jahrb.,  xx.,  1891;  ref.  Bakt.  CbL,  x.,  1891. 

See  also  §  11. 

2.  General  CoNsiDEK.iTiox8  Concekning  the  Pathogenic  Schizo- 

MYCETES  AND  THEIB  BEHAVIOB   IN    THE  HUMAN  OSGANISM. 

§  150.  As  has  already  been  explained  in  §  11,  there  are  among  the 
schizoniycetes  numerous  species  which  are  capable  of  causing  disease- 
processes  in  the  human  organism,  and  are  therefore  called  paihoceiiic 
scbizomycetes.  The  first  condition  of  such  action  is  evidently  that  the 
bacteria  concerned  must  possess  properties  enabling  them  to  mnltiplT  io 
the  tissues  of  the  living  human  body.  They  must  therefore  find  in  the 
tissues  the  suitable  nutrient  material,  and  in  the  body-temperature  the 
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warmth  necessary  to  their  growth.     The  tissues,  moreover,  iinust  not 
contain  substances  which  are  a  hindrance  to  their  growth  (cf.  §  31). 

If  pathogenic  fission-fungi  succeed  in  growing  in  the  tissues  of  the 
body,  if  infection  takes  place  (cf,  §  11),  their  action  is  in  geiienil  char- 
acterized by  the  production,  at  the  point  of  multipUcationy  of  ti8»ue-degen^'' 
ations,  necrosis,  inflammation^  and  new-grotcths  of  tissue,  while  at  the  same 
time  the  toxins  produced  by  them  cause  manifestations  of  poisoning. 

In  individual  cases  the  pathological  processes  vary  greatly,  in  that 
the  distribution  of  the  bacteria  in  the  organism,  and  their  local  action, 
as -well  as  the  production  of  the  poisons,  differ  greatly  with  the  different 
forms  of  bacteria. 

With  many  the  local  action  upon  the  tissue  is  the  most  prominent 
characteristic,  with  others  the  general  intoxication.  Many  bacteria  confine 
themselves  to  the  region  in  which  they  have  gained  entrance ;  others  advance  ' 
uninterruptedly  upon  the  surrounding  tissues  ;  others  still  are  carried  by  the 
blood  and  lymph  streams  and  lead  to  the  formation  of  metastatic  foci,  and, 
finallv,  others  increase  within  the  blood. 

If  a  spread  of  the  bacteria  takes  place  through  the  blood,  the  bacte- 
ria may  pass  from  the  mother  to  the  foetus  during  pregnancy,  since  the 
placenta  forms  no  certain  filter  against  pathogenic  bacteria.  This  has 
been  demonstrated,  for  example,  in  the  case  of  anthrax-bacilli,  bacilli 
of  symptomatic  anthrax,  glanders-bacilli,  spirilla  of  relapsing  fever, 
typhoid-bacilli,  the  pneumococcus,  and  the  tubercle  bacillus.  According 
to  observations  of  Malvoz,  Birch-Hirschfeld,  and  Latis,  changes  in  the 
placenta,  such  as  hemorrhages,  loss  of  epithelium,  and  alterations  of  the 
vessel-walls,  favor  the  passage  of  bacteria.  Moreover,  bacteria — as,  for 
example,  anthrax-bacilli — can  grow  through  the  tissue-spaces.  In  gen- 
eral the  passiige  of  bacteria  from  the  mother  to  the  foetus  presupposes 
that,  after  the  entrance  of  these  organisms  into  the  circulating  blood  of 
the  mother,  the  latter  shall  remain  alive  at  least  long  enough  to  allow  of 
the  passage  of  the  bacteria  into  the  fcetus. 

The  bacteria  which  succeed  in  multiplying  within  the  human  organ- 
ism die  out  again  in  many  cases  within  a  short  time ;  and  the  disease  pro- 
duced by  them  may  proceed  to  recovery  (cf.  §  31).  Nevertheless,  it  not 
infrequently  hai^pens  that  they  are  preserved  for  a  long  time  icithin  the  body, 
and  either  excite  a  continuous  disease  process,  or  at  times  remain  in  a  con- 
dition of  inactivity,  so  that  no  pathological  processes  are  recognizable 
until  after  a  longer  or  shorter  period  of  latency,  an  active  reproduction  again 
takes  place  and  manifestations  of  disease  show  themselves  anew. 

Not  infrequently  a  secondary  infection  associates  itself  with  an  infec- 
tion already  existing.  The  relation  between  the  two  infections  is  eitlier 
that  the  second  infection  follows  the  first  accidentally,  or  that  through  the 
first  infection  the  soil  is  prepared  for  the  second  (cf.  §  11). 

Finally,  there  not  infrequently  occur  double  infections,  in  that  two 
or  more  forms  of  bacteria  dev^elop  coincidently  in  the  tissues,  and  pro- 
duce their  characteristic  injurious  influence  upon  the  latter. 

Each  pathogenic  fission-fungus  has  a  specific  action  upon  the  tissues 
of  the  human  organism ;  but,  ne\'ertheless,  differed  species  may  exert  a  simi- 
lar action.  For  example,  there  are  various  bacteria  capable  of  producing 
suppuration.  Only  in  a  certain  proportion  of  cases  do  the  pathological 
tissue-changes  show  such  specific  characteristics  that  from  these  the  spe- 
cies of  the  pathogenic  fission-fungus  can  be  recognized  with  certainty. 

Further,  it  has  been  demonstrated  that  pathogenic  properties  of 
bacteria  are  by  no  means  constant ;  that,  on  the  contrary,  their  viru- 
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lence  varies,  so  that  bacteria,  which  canse  severe— that  is,  fatal — iufec- 
tions  may  become  chsuiged  (weakened)  through  external  infloenoes,  so 
that  they  either  wholly  lose  their  power  of  causing  disease-processes  in 
the  organism,  or  at  least  cause  only  mild  forms  of  disease.  This  peen- 
liarity  is  not  alone  of  theoretical  interest,  but  is  also  of  great  practica] 
imt>ortanot\  It  exphuns  to  a  certain  extent,  on  the  one  hand,  why  a 
eertniu  inf(H*tion  does  not  always  run  the  same  coarse,  and,  moreover, 
why  along  with  severe  attacks  light  ones  also  occur.  On  the  other  hand, 
it  affords  us  the  }X)ssibility  of  obtaining  maUrial  for  inocuUx^ot^  from 
attenuated  cultures  of  bacteria,  by  means  of  which  mild  grades  of  infec- 
tion or  intoxication  can  be  produced,  which  are  able  to  protect  the  organ- 
ism ttuni  severe  infections  or  to  bring  about  the  cure  of  an  infection 
already  acquired  (cf.  §  3?>. 

Weakening  ^  the  pathofoiic  propeities  of  a  fission-funsiis  can  be 
brought  about  through  the  suitable  action  upon  cultures  of  the  same,  bj 
higli  temperatures*  oxygen,  light,  or  chemical  antiseptic  substances,  as 
wvll  as  by  the  cultivation  of  the  fungus  in  the  body  of  a  less  susceptible 
animal*  ^  In  some  fonns  it  is  only  neeessary  to  cultivate  the  bacteria  in 
questiou  for  sooielime  upon  artificial  media  \  diplococeusof  pneumonia), 
or  to  t^xiHise  the  culture  to  the  air  for  some  time  ( bacillus  of  chicken- 
chtUem'^.  iu  order  to  bring  about  an  attenuation.  If  it  is  desired  to  pre- 
serw  the  virulence  of  the  poeumococeos  for  some  time,  it  is  necessanr, 
fYvMtt  time  to  time,  to  paESS  the  bacteria  cultivated  upon  artificial  media 
thr\H^|th  mbhits,  which  are  very  Sttsteptilile.  The  glanders-bacilli,  tu- 
Usrv'le-bnieiUi,  and  the  cbolera-sptriDa  lose  vindence  when  cultivated 
uuittlemi|4e«Uy  up^m  artilicttl  media  for  some  time.  The  stxeptococcns 
%^  eryslpeUK^  «  K)mmerieli'^  beroier  so  attenoated  through  continued  cnl- 
lix^lHm  in  boiiilKMi  %^  uutrmit  jeily  thai  it  is  no  loiter  capable  of  kill- 
ia^exeuaikw 

As  to  the  ttalnre  %>f  llie  anenuatioii  of  vir«leBce  of  bacteria  by  the 
wiellK^ds  Mettlkwn^  ahovv^  ii  t^  |?NK^ble  to  give  ooly  h3rpotliese&  If  the 
hm^tena  eulliv^Oed  tor  a  Kmi^  lime  apon  artificial  media  dmii^  in  virn- 
leiMVy.  Ikis  UKiiy  perkapci^be  exp^aed  ia  part  bvasHnuqg  that  in  a  series 
^4^  IsevienMkMks  llie  ktsf^  vindent  varief  ims.  wkiek  ^saieiy  olten  arise,  gnid- 
natvy  jpjua  llie  mpper  kMML  F^w  tke  atlemnnoB  of  viralcDfe  by  heat, 
<fc»afcWul  a^^Nil^  ete..  $«rii  aa  exp£aBBil»Ni  t$  »oc  adequate.  In  this  case 
llie«^  11$  VYor  pr\^k«l^^y  a  geacffal  wmakeeiz^  km*  Aeggaeraliop  c^  the  prottv 
pfc*iiiMt  aadl  ia  karmoo^y  ^t:h  ihi>  iIw^wt  t^  tk^  fact  tkat  such  iMCteria 
;$k^^w  a  ^tuHii:i:«it:NHa  ia  e»er^  %^'  ^ 


•/K<H  *»>r  4<i»i^i».*«*v  <«^it«viM&  toutiitttc  -mrfuu^iv  it  ^ait-ti 
4pfeb»  «>i.4*    t»oi«^<    *^»n  *•«».   <«s.rrt   «w    nut 
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i-tliods  niOBl  freqiieotly  employed  are  tliose  mentionL-d  above;  gentian- violet,  nietbyl- 
"It-t,  and  fucliaiii.  Goo<l  obicctives  are  necessary  for  the  microscopic  exaniiuntion :  it 
>ssibk',  oil-immeraion  leases  and  ilium ioatloQ  with  Bubstage  cundeaser  sliould  be 
iiploynl. 

If  lUrougli  any  mrtliod  tlii^  presence  of  bacteria  in  tbe  tisnuc  has  been  demon- 
rated,  llie  altemjit  is  next  made  U>  cultivate  lliem.  For  tliis  purpose  the  methods 
'vi'UiiH-<l  by  K-ich  are  UHiially  cmployi'd,  Tliciw,  in  principle,  consist  in  obtalnlug 
'ht  n  tluiil  containing  the  bacteria,  riy  means  of  scraping  tbc  tissue  or  by  rubbing  up 
I'l-i-s  of  tissue  in  sterilized  sHlt-snlution.  This  lluid  is  tlien  evenly  distributed  in  a 
ilutinn  of  eclatin  or  agar  whfcli  has  t>eeD  liqueHed  by  warming;  and  tlie  mixture  is 
ii'ii  poured  upon  boriaoiital  glass  plates.  solidlfyiDE  as  it  cools.  The  Individual  bac- 
1  ia.  or  spores,  thus  separH ted  from  each  otiier  develop  in  tiir  firm  nutrient  medium. 

By  4  proper  application  of  tliis  method  there  are  obtained  In  the  layer  of  gelatin 
irious  colonies  {Fig.  425),w]iicli  differ  in  appiarence  so  that  they  may  ott«n  \>c  difTer- 
n.inled  from  eacli  other  bv  the  naked  eye  alone.  Wlien  siilflcieiitiy  separated  from 
ic  another,  the  individual  colonies  may  be  taken  up  by  means  of  a  lluc  platinum 
'cdle.  and  transferred  either  to  a  Imilcd  potato,  or  to  a  sterile  gelatin  plate,  or  streaked 
pon  the  surface  of  the  solidifled  nutrient  fluid  In  a  test-tube.  Very  often  the  infected 
.'('die  is  stuck  into  the  solidified  transparent  medium  contained  in  a  test-tube. 

If  the  culture  on  the  gelatin  plate  is  pure,  and  If  the  entire  procedure  Is  carried  out 
ith  the  necessary  care  and  the  avoidance  of  contamination,  pure  cultures  may  be  ob- 
tined  by  this  method.  In  slalM^ulIures,  as  well  as  in  smear-cultures  on  potatoes  or  any 
tlier  uutrieut  medium,  special  peculiarities  often  show  themselves  which  make  it  poo- 


ihle  for  the  experienced  observer  to  recognize  the  form  of  bacteria.  At  times,  bow- 
ver.  it  is  necessary  to  make  a  thorough  microscopic  eiamlnation  of  the  colonies. 

It  is  evident  that  all  Ihn  above  inam'puiatlons  must  be  carried  out  with  care,  and 
liat  absolute  cleanliness  of  the  instruments  used— glass -plates  and  teat-tubes— as  well 
s  perfect  sterilization  of  the  nutrient  medium  are  necessary.  The  proper  metliods  of 
U'rilizatiou  in  which  a  long  continued  heating  or  an  exposure  to  high  temperatures 
lays  an  Important  rfile,  are  best  learned  in  properly  equipped  laboratories.  The  neces- 
iry  guidancB  Is  furnished  in  tlie  various  books  on  bacterin logical  methods  of  examina- 
LCD,  whicli  lutve  recently  appeared. 

An  infusion  o(  meat  ciintaining  peptone  and  gelatin  is  commonly  employed  for 
laking  plates.  It  consists  of  a  watery  Infusion  of  chopped  meat,  to  which  a  definite 
mount  of  peptone  and  salt  Is  added.  This  is  further  neutralized  with  carbonate  of 
mJa,  and  enough  gelatin  la  added  to  give  a  aolid  consistence  at  ordinary  temperatures, 
■■>T  streak-  and  stab-cultures  this  sauie  gelatin  is  sometimes  used;  at  other  times  a 
'lly  maiie  of  a  mixture  of  a  watery  extract  of  meat,  peptone,  and  agar-agar;  or  again 
iliHnl-serum  which  has  been  coagulated  by  warming, 

t'rir  atab-cultures  the  Jelly  is  allowed  to  solidify  within  the  test-tube  in  a  perpen- 
licular  position;  for  streak-cultures  the  teat-tube  Is  kept  in  an  oblique  position  until 
lie  jelly  is  set. 

Ijtcrilfzed  bouillon  is  often  used  for  cultures.  The  Inoculated  nutrient  media  are 
:<'pt  either  at  ronni-temperaturc  or  at  higher  temperatures  In  an  incubating  oven 
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(80''-40*'  C).  The  proper  nutrient  medium  to  be  used  in  individual  cases  must  be  deter- 
mined by  experiment.  £xp(Ti('nce  bas  shown  that  the  individual  bacteria  behsTe  Terr 
differently  in  this  respect,  some  growing  best  upon  one,  others  up<m  another  mediom. 
To  the  nutrient  medium  there  are  often  added  with  advantage  such  substances  as  sugar, 
glycerin,  urine,  brain-substance,  etc. 

It  is  self-evident  tlmt  tlie  processes  briefly  described  above  may  be  modified  icoord- 
ing  to  the  necessities  of  the  case.  Fur  example,  in  those  cases  in  which  it  is  necesfur 
to  grow  the  bacteria  at  high  temperatures,  the  use  of  gelatin  should  be  avoided  acd 
agur-agar  plates  should  be  made  instead.  Occasionally  membranes  or  exudjites  frata 
mucous  surfaces  (diphtheria)  or  small  bits  of  excised  tissue  are  placed  directly  into  tbc 
culture-medium.  When  it  is  desired  to  examine  the  cultures  directly  under  thctnim- 
scope,  cultures  may  be  made  upon  glass-slides.  In  the  case  of  many  bacteria,  i' 
cholera-spirilla,  the  use  of  hanging-drop  cultures  is  advised.  In  this  method  a  drop  of 
sterilized  bouillon  hangs  down  from  the  under  surface  of  a  cover- glass,  and  is  inocu 
lated  from  a  previously  cultivated  pure  culture  of  the  fungus.  The  cover-glass  is  ikn 
placed  over  the  excavation  in  a  hollow  ground-glass  slide.  Evaporation  is  preTent**; 
by  the  exclusion  of  the  outer  air  from  the  cavity  In  the  slide,  by  a  rim  of  oil  or  Tuselift: 
placed  beneath  the  edge  of  the  cover-glass.  By  this  method  the  multiplication  of  bac- 
teria can  be  observed  for  a  long  time. 

Wlien  bacteria  are  mught  in  water,  a  definite  amount  of  the  suspected  water  is  dir 
tributed  in  gelatin,  and  plate-cultures  are  made.  Earifi  is  rubbed  up  with  stmliz«d 
salt-solution;  m>  is  made  to  pass  in  definite  amount  through  a  sterilized  sait-solatios: 
and  the  salt-solutions  thus  infected  are  then  mixed  witU  geUitin,  and  from  this  ^btk 
plates  are  made. 

The  culture  of  bacteria  on  and  in  different  media,  accompanied  by  the  microscopic 
examination  of  the  different  stages  of  development,  serrcBfor  a  more  tract  ekaractfrisfi' 
tion,  and  thereby  for  the  differentiation  of  the  »j)ecie$  of  the  bacteria  in  quetttion,  Aft^r  iti 
properties  have  been  thoroughly  studied  in  this  way,  the  Influence  off  the  bacteiiiiiD 
upon  the  animal  org;anlsni  is  tested.  As  experimental  animals,  rabbits,  dogs,  guiofs 
pigs,  rats,  mice,  and  small  birds  are  most  frequently  employed.  The  bacteria  to  be 
tested  are  intro<luced,  sometimes  under  the  skin,  sometimes  directly  into  the  blood- 
current,  sometimes  by  inoculation  into  the  internal  organs,  sometimes  by  inhalatic*!! 
into  the  lungs,  or  sometimes  by  administration  with  the  food  into  the  intestinaJ  canal 
Bacteria  can  be  regarded  as  pathogenic  for  a  given  animal  when  they  multiply  within 
the  tissues  and  excite  disease  processes.  If  relatively  lar^e  amounts  are  inoculated,  tbe 
animal  experimented  upon  may  die  under  certain  conditions,  even  if  the  baeteria do 
not  increase  at  all  in  its  body,  since  the  poisonous  substances  formed  in  the  culture  aod 
introduced  by  inoculation  often  suffice  to  kill  the  animal. 

Experience  has  taught  that  only  some  of  the  bacterial  infections  which  occur  in 
man,  when  inoculated  into  animals,  run  the  same  course  as  in  man,  and,  indeed,  only 
those  which  also  occur  otherwise  in  animals.  In  other  cases  the  pathogenic  fissioo- 
fungi  occurring  in  man  or  in  certain  animals  are,  it  is  true,  pathogenic  for  the  experi- 
mental animal,  but  the  pathological  process  shows  another  localization  andaootlKf 
course.    In  a  third  case  the  experimental  animals  are  in  part  or  wholl3''  immune. 

Inversely,  flssion-fungi  that  are  often  extremely  pathogenic  for  the  experimental 
animals  are  harmless  for  other  animals  or  for  man. 
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THE  COCCI. 


II.  The   Different   Forms  of   Bacteria   and   the   Infectious    Diseases 
Caused  by  Them. 

I.  The  Coct:i,  or  Sphaikobactekia,  and  the  Mokbid  Pbocesbes 
Caused  by  Them. 

(n)  Genei-ttl  C<msiderationa  Regarding  lite  Cocci, 

g  151.  The  cocci  or  coccacea:  (Zopf)  are  bacteria  that  occur  exclu- 
sively in  the  form  of  round  or  oval  or  liiuceolate  cells.  lu  their  malti- 
plicatioti  by  division  they  often  form  peeiiliur  aggregatious  of  cells, 
which  are  commonly  designated  by  special  names  according  to  the  char- 
a<?ter  of  the  diflferent  forms  appearing.  Since  certain  forms  of  cocci  are 
especially  likely  to  develop  in  definitely  shaped  aggregations,  ad^'antage 
has  been  taken  of  this  fact,  to  classify  them  in  different  species.  It 
should  be  noted,  however,  that  a  given  species  does  not  always  appear  in 
the  same  form,  but  may  vary  according  to  the  nutrient  conditions. 

)Iany  of  the  cocci  multiply  by  division  in  one  plane  only — at  right 
angles  to  the  length  of  the  elongated  spherical  cell.  If  the  spheres  re- 
sntttngfrom  division  remain  together  for  some  time  in  the  form  of  double 
spheres,    and    if  this 

form     appears     with  fl  ,*  ■  -It 

especial  frequency  in  'ii*ii'**  • 

the  case  of  any  one  *''bI*'"« 

species,    it  is   desig-  *'    • ' 

nated  as  a  diplococcus  '"''  '^' 


Fiii.  *?T,— Cohini™  of  mlcjnfioci:!  In  b)o«1-rapHlarlai  of  Ltae  UvBr,  cauilnit  meluUIlc  abicew-tonnaHon. 
rromatsseof  pyieml*.    Necrosta  oMlver-i'ells.    x  MO. 

Fic.  I2H.— Cocrl  grouped  tn  letradt  ImehsmopeillB).  rram  ■  aaflenliiK  Inlnrcl  ot  Itae  Iuob.    X  SOO. 
Fig.  i:9.--SiirclnBvenuifull.    X  100. 

(Fig.  426,  i).  If,  from  a  further  continued  division  of  the  cells  in  one 
I>lane,  rows  of  cocci  (forula  chains)  result,  these  are  known  as  strepto- 
cocci (Fig.  426,c  ),  and  this  term  is  used  also  as  the  name  for  a  group, 
if  llie  division  of  the  cells  takes  place  irregularly,  and  the  cells  remain 
togelher  in  small  collections  or  heaps,  the  bacteria  are  usually  desig- 
uated  as  micrococci  (Zopf)  (Fig.  427).  By  Ogston  and  Rawnbach 
the  name  staphylococcus  or  grape-eocoix  has  been  used  to  indicate  some 
of  these  forms.  Lai^er  collections  of  cells,  which  are  held  together  by 
a  gelatinous  substance  derived  from  the  cell -membranes,  have  been 
(lusignated  as  zooglcea  masses.  If  the  masses  of  cocci  aic  united  into 
lai^r  collections  by  means  of  a  gelatinous  envelope,  they  are  spoken  of 
as  awococci  or  tuhe-cocd. 

To  those  cocci  which  remain  united  for  a  long  time  in  a  four-celled 
lab!ot  (Fig,  438),  the  name  of  meris moped  la,  tetracoccus  or  tablet-coccus 
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was  applied  by  Zopf.  Others  class  such  bacteria  with  the  mierococd 
The  cocci  that  go  by  the  name  sarcinas  are  characterized  by  divisioD  m 
three  directions  of  space,  so  that  compound  cubical  packets  of  spherical 
cells  are  formed  from  tetrads  (Fig.  429). 

The  cocci  not  infrequently  show  a  tremulous  molecular  motion  is 
fluids;  swarming  movements  have  not  been  observed  with  ceitaintj. 
Hpore-formation  has  not  been  demonstrated  in  the  majority  of  tomk 
According  to  Cienkowski,  Van  Tieghem,  and  Zopf,  the  Coccus  (fcik»fe«' 
toe)  mesetUerioides,  that  produces  a  frog-spawn-like  culture  on  sugar  or 
X>arsnips,  forms  arthrogenic  spores,  in  that  some  particular  cell  in  -i 
tomla  chain  becomes  larger  and  glistening.  According  to  Prazmov.skT 
the  Micrococcus  ureoe  also  forms  spores. 

The  saprophytic  cocci  grow  upon  very  different  nutrient  substrata 
and  cause  by  their  growth  in  suitable  media  various  processes  of  de- 
composition. Many  also  form  pigments.  Micrococcus  urete  causes  a  fer- 
mentation in  urine  by  means  of  which  ammonium  carbonate  is  formed 
from  the  urea.  Micrococcus  viscosus  is  the  cause  of  the  slimy  fermenta- 
tion of  wine.  The  cause  of  the  phosphorescence  of  decomposing  meat  »&•» 
found  by  Pfliiger  to  be  a  micrococcus  that  forms  slimy  coatings  on  the 
surface  of  the  meat. 

Of  the  pigment-producers  the  best  known  are  Micrococcus  lideuM,  Mi- 
crococcus  aurantiacus,  Sarcina  lutea.  Micrococcus  cyaneus  and  Micrwsxt^ 
violaceus,  which,  when  grown  upon  boiled  eggs  or  potatoes,  produce  yel 
low,  blue,  and  violet  pigment  respectively. 

Saprophytic  cocci  are  found  in  the  mouth  cavity  and  intestine,  as 
well  as  on  the  surface  of  the  skin,  and  occasionally  also  in  the  Inngs. 
Micrococcus  hcenuxtodes  (Babes)  is  said  to  be  the  cause  of  red  sweat>  and 
forms  red  zoogloea  masses. 

Sarcina  ventriculi  (Fig.  429)  occurs  not  infrequently  in  the  stomadi 
of  man  and  animals,  especially  when  abnormal  fermentations  are  going 
on.  According  to  Falkenheim  the  stomach  sarcines  can  be  cultiratetl 
upon  gelatin,  and  form  in  this  medium  round,  yellow  colonies,  which 
contain  colorless  monococci,  diplococci,  and  tetrads,  but  never  cubical 
packets.  They  form  these,  however,  in  neutralized  hay-infusion,  and 
their  growth  causes  a  souring  of  the  infusion.  The  membrane  of  the 
sarcinflB  is  said  to  consist  of  cellulose. 

MIcrocococcuA  tetragenus  (merismopedia)  is  not  infrequently  foQQ<i 
in  human  sputum,  and  in  the  mouth  and  throat;  it  may  he  pre^Qt 
further  in  the  wall  of  tuberculous  cavities,  or  in  hemorrhagic  or  gan- 
grenous foci  of  the  lungs.  It  forms  tetrads  (Fig.  428)  whose  cells  are 
held  together  by  a  gelatinous  membrane.  On  gelatin-plates  it  fonn^ 
round  or  oval,  lemon-yellow  colonies.  It  is  pathogenic  for  white  mii* 
and  guinea-pigs,  to  a  less  extent  for  rabbits,  and,  when  injected  sabcuta- 
ueoi^y,  excites  purulent  inflammations,  in  the  mouse  often  alsoasep 
ticsBmia.  Intratracheal  injections  may  give  rise  to  inflammatiousof  the 
respiratory  passages  and  the  lungs. 

The  pathogenic  cocci  cause  acute  inflammations  which  usually  beal 
after  the  death  of  the  bacteria ;  but  it  not  infrequently  happens  thai 
cocci  may  remain  in  the  body  for  a  long  time  and  give  rise  to  chronic 
processes. 
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(b)  The  Pathogenic  Cocci. 

%  152.  The  Streptococcus  pyogenes  (Eosenbach)  is  a  coccns  which, 
n  multiplying,  forms  double  spheres  and  chains  of  spheres  (Fig.  42G)  of 
lifferent  lengths,  containing  from  four  to  twelve  or  more  cells.  This 
!hain-formation  comes  to  an  especially  full  development  when  the  strep- 
ococcus  is  growing  in  fluids — in  nutrient  bouillon  or  fluid  exudates — but 
s  also  usually  seen  when  it  is  growing  within  the  tissues. 

The  cocci  %ta,\n  well  by  Gram's  method,  are  facultative  anaerobes, 
^ow  best  at  37°  C,  and  form  small  whitish  colonies  on  gelatin  and  agar. 

Streptococcus  pyogenes  causes  in  man  inflammationSt  which  umuUly, 
hongh  not  always,  assume  a  purulent  character.  Occasionally  it  is  found 
ilso  upon  normal  mucous  membranes,  for  es;ample,  in  the  upper  air-pas* 
(ages,  or  in  the  vagina  and  cervix  uteri ;  it  may  therefore  be  assumed  in 
mch  eases  that  its  virulence  is  very  slight,  or  that  the  mucous  membranes 
)fl'er  a  successful  resistance  to  its  entrance  into  their  tissues. 

An  infection  with  streptococci  may  occur  either  in  healthy  indi- 
viduals, or  in  those  who  have  received  some  injury,  or  finally  as  an  ac- 
companiment and  sequela  of  other  infections,  particularly  of  scarlet 
'ever,  smallpox,  diphtheria,  and  pulmonary  tuberculosis. 

If  the  streptococcus  multiplies  upon  the  surface  of  mucous  membranes 
—for  example,  of  the  respiratory  tnict  (Fig.  430) — it  excites  an  inflam' 
nation,  which  may  bear  the  character  of  a  desquamative  or  purulent  catarrh 
V),  or  of  a  croupous  e^idation  (d).  If  it  penetrates  into  the  connective 
[issues  of  the  submucosa,  it  causes  most  frequently  inflammations  which 
ire  phlegmonous  in  character — i.e.,  a  more  or  less  quickly  spreading,  sero- 
pundeut,  or  purulent,  or  fibrinopurulent,  or  serofibrinous  inflamma- 
tion, which  may  at  certain  points  lead  to  suppuration  and  abscess-for- 
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utatiou.     lu  the  exodat«  the  cocci  may  be  found  in  part  free  (Fig.  ISl, 
c),  or  in  part  ioctoaed  within  cells  (b). 


B.  mMtaiVTloM,  Mlw).  i.0> 
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131.— streptococcal  pTORMKi  tmm  %  pUopim- 
cua  (4  ttie  MoniHii  (■Icotml.  nrmlv.  nc^ 
ludlDe).    a,  LeucocTta :  h,  ititairjVatiMiatait 


The  mvJhpilieatum  of  streptococci  in  t^  stratum  ffemunattpum  of  the*ibo 
leadB  to  the  uecrosia  of  cpitbeliom  and  the  formation  of  purulent  vftida 
or  bleht. 

If  the  streptococcus  spreads  _  _ 

in    the    cortum    into    which   it 
penetrates  especially  in  the  case 
of  small  wounds  of  the  skin    it 
utilizes   the   lymph  spaces  and 
lymph-veesels  (Figs.  432   a  433 
A,  i;    434    e)  as  pathways  and 
as  places  for  the  development  of 
colonies,  cansing  a  more  or  less 
severe  inflammation,   which    is 
characterized  macroscopically  by 
an  advancing  redness  and  swell- 
ing of  the  &in  known  as  erg- 
aipelat.     To  the  external  appear- 
ances there  corresponds  a  more  or  less  severe  serous  and  oelltilar  w- 
filtration  (Figs.  432,  d,  e,  f;  433.  m;  436,  c),  and  often  also  a  iibnuiv 
cellular  exndation  (Fig.  433,  m,).     The  infection  of  the  lymph-veaseLs 
in  erysipelas   involves  at 
times  chiefly  the  soperlimi 
I        layers  of  Uie   cutis  (Fip. 
433),    at    other  times  tii^ 
'        deeper    layers  (Fig.   ^' 
c).     In  the  latter  case  the 
erysipelatous  process  be- 
comes  phlegmonous  i" 
character,  so  that  between 
the  two  processes  a  sharp 
border-line   cannot  be 
drawn.     At  the  same  time 
with  the  infection  of  tbe 
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deeper  layers  streptococci  may  spread  on  the  surface  of  tbe  epithelium 
■ — that  is,  beneath  the  horny  layer  (Fig.  434,  g),  aud  cause  a  looeeii- 
ing  of  tlie  epithelial  cells  and  a  desquauiation  of  the  homy  layer  (/)■ 
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na.  Of.— Btreptocflccua  intwlion  of  Ibe  iielnius  portEun  of  Ihe  (vidi 
muDlbs  of  age  (fomiaJln.  nltrlc-aoLcl  decalclaoubjn,  ™nnlnp.  oielliyl-vi 
pleie]]'  Bllfil  witb  smptucoct'l :  li.  beftlnuliiE  IhtbsIuii  by  atreplocm'l ; 


■t).    a,  MrtlullaiT  apu'tn  i»ni- 
bune  insrrow ;  if,  irslnwulie  of 
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A  streptiK-occu-s  iafevtiua  may  termioate,  eitlter  soooer  or  lat«,  io 
thikt  tbe  u(>p<>eing  I'orevs  of  th«  onfauism  restriet  the  further  spmd(^  'i 
the  biK'terii  aod  tivstroy  tbem.     S"i>t  iofreqamtly,  howerer,  the  iuTw    , 
tioD  pri itfrvsii*^  up  tu  the  time  t>f  ilt*uth. 

If  the  :nr«pto«.-t>cvi  btv-.tk  latu  th«  lymph-  and  blood- vessels,  mAu 
(fuws  an*  ut'tva  fi>nu«U.  aud  itiiitaQt  organs  are  in  this  iray  inTolTrd 
Infitftion  of  the  Imnym  leadij  easily  to  iufeetion  of  the  ftfwm.  Inffctim 
of  the  /fmiuU  ffimitai  trwrt.  vhivh  easily  t^ikes  place  dttrit^  delivery  and 
the  piwrperituu.  leuds  very  often  to  a  spread  of  the  infection  to  the  fni 
(owNM  by  means  of  the  lymphatics.  lofeetion  of  the  aerwu  atmbrtvi 
lefMls  usaallytoaseroparulent,  or  fibrinopnmlent  exudation,  tbestrc]»i^ 
eo»:L  developing  toxanautly  in  the  free  exudate,  and  forming  \^ 
ehaiuit.  In  iufe«.-tLun  of  the  blood,  the  streptococci  do  not  increase  in  ibr 
eirvulatinfT  bloiMt  bat  at  the  points  where  they  c4Hite  to  rest ;  in  the  small 
capillarity  of  the  Inngs  heart,  liver,  ^dneys,  spleen,  bone- marrow,  joinls, 
etc.,  or  even  on  the  valves  of  the  heart.  At  the  point  of  ioereaEC  tian 
bt  likewise  pnHinced  an  indammation,  which  in  general  bears  the  sum 
ehanwrter  as  the  primary  inlhunmation.  baC  is  not  infrequently  ks  se^rre 
and  more  circomscribed. 

MwmatoffentMa  uttvptoaxcia-inferiion  of  the  lung  Icaiis  to  the  tonMti<Hi 
of  inHammatury  foci  (Fig.  43S,  a),  which  for  the  giettter  port  ebo** 
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central  sappnration.  Collections  of  streptoeocei  on  the  snrfnrr  0/  Hf 
«i»«&ear(I««tM  of  the  valves  or  of  the  heart  vail  (Fig.  439,  u)'le«l  tua 
SQperticial  necrosis  and  further  tu  the  formation  of  coognla  (A ',  coDer- 
tioDSof  leoGocytes  (&i)  and  proli.''^rationB  of  graanlatioa  ti^oe  ir.'- 
A  deeper  infection  with  the  streptoeocci  caoses  an  oxtsnave  dktwe)  if 
the  tissue  atKompanied  by  an  inlltuitniatlon  of  the  smraanding  tiaaa 
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streptococci  are  carried  by  tlie  blood-stream  into  the  coronary  arteries, 
ere  are  produced  in  the  heart-muscle  iuflammatory  foci,  which  are 
uaJly  purulent  in  character. 


's^-r'^:firA.i-iiiS^i!^y'-Jmi^4^A 
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If  the  cocci  pass  to  a  blood-vessel  of  the  skin  or  sahcntaneons  tissue. 
they  may  iocrease  in  the  same  to  sach  an  extent  that  they  form  perfni 
casts  of  the  capillaries  (Fig.  440,  c).  As  the  resntt  of  the  sorroaitdiii; 
hypenemia  tliere  are  produced  in  the  skin  red  spots  and  swellings  md 
evenlaally  pumlent  foci.  In  the  kidneyt,  in  whose  vessels  there  odm 
occurs  an  extraordinary  multiplication  of  streptococci  (Fig-  441, «.  >■  < 


'^*. 
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there  arise  in  the  first  place  grayish-yellow  circmnscritted  arms  of  di> 
coloration,  which  are  dependent  upon  the  collection  of  bacteria,  tbe  loi-al 
ansmia,  tissue-necrosis,  and  often  a  beginning  serofibrinous  exnda'iim 
(d).  Later,  yellow  discolorattons  and  softening  of  tissne  appear,  corn- 
Rponding  to  suppnration.  Similar  changes  may  be  demonstrated  al»  in 
other  organs. 

The  danger  of  a  streptococcus  infection  depends  partly  upon  Ihf  »f^ 
progresnve  local  changes  and  the  formation  of  meimOaaes,  and  partlir  op'i' 
t lie  accompanying  intoxication,  which  finds  expression  in  the  fever  »d'' 
the  severe  general  symptoms.  If  the  symptoms  of  iutoxication  are  vm 
prominent  the  condition  is  designated  septicemia.  A  predomiuanf "' 
metastatic  suppnration  leads  to  tbe  form  of  disease  designated  as  py 
Rita.  A  combination  of  both  conditions  is  known  as  septicopyemia "' 
pyosepthsmla  (cf.  ^  ll). 

The  coarse  of  a  atreptococcns  infection,  as  well  as  the  mo<I«  or  m- 
trance  of  the  cocci  into  the  body,  can  nsimlly  be  recognized,  since  ih'- 
infection  ordinarily  starts  in  tlw  injured  outer  skin  or  ^m  deeply  p*""- 
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ti-atiDg  wounds,  from  the  mucosa  of  the  upper  digestive  and  respiratory 
ti-acts,  or  from  the  genital  apparatus  as  the  result  of  changes  due  to  child- 
birth. Cryptogenic  infection  is,  however,  not  rare;  in  such  cases  the 
iii*st  symptoms  recognizable  or  at  least  noticed  clinically  are  those  de- 
pendent ui)ou  the  disease  of  an  internal  organ,  so  that  it  appears  as  if 
the  infection  was  primary  in  this  organ. 

The  individual  foci  of  disease  in  streptococcus  infection  may  present 
very  different  degrees  of  severity  of  inflammation ;  and  this  is  dependent 
partly  upon  the  virulence  of  the  bacteria,  partly  upon  the  individual 
diffei-ences  of  the  infected  persons,  partly  upon  the  seat  of  the  infection, 
and  partly  upon  the  influence  of  preceding  or  accompanying  pathological 
conditions.  As  regards  this  last  factor  it  may  be  noted  that  many  infec- 
tious diseases  (diphtheria,  scarlatina,  smallpox,  tuberculosis,  typhoid 
fever,  influenza)  which  lower  the  body  resistance  increase  the  predis- 
position to  streptococcus  infection.  In  the  case  of  the  growth  of  strep- 
tococci upon  the  surface  of  the  endocardium,  the  inflammation  often 
bears  a  very  pronounced  proliferative  character  (Fig.  439,  d,  c).  In 
hsematogenous  streptococcus-dermatitis  (Fig.  440)  the  process  may  cease 
with  the  formation  of  red  spots.  Phlegmons,  which  usually  run  a  rapid 
course  and  lead  in  a  short  time  to  tissue- necrosis  and  suppuration,  may 
also  have  a  very  chronic  course,  particularly  in  the  neck,  and  are  then 
characterized  by  a  progressive  swelling  and  induration  of  the  affected 
area,  so  that  the  affection  may  be  designated  a  ^^ wooden  phlegmon" 
(Reclus).  Fever  may  be  wholly  absent.  The  process  consists  of  a  pro- 
jrressive  proliferation  of  granulation  tissue  and  a  new-formation  of  con- 
nective tissue  due  to  streptococci  (or  staphylococci),  while  suppuration 
is  absent  or  confined  to  circumscribed  areas. 

The  biological  characteristics  of  the  Streptococcus  pyogenes  are  very  variable,  and 
this  is  well  shown  both  in  its  behavior  as  a  disease-producing  agent  and  in  the  cultures 
of  streptococci  taken  from  different  cases.  Consequently  an  effort  has  been  made  to 
divide  the  streptococci  into  different  species,  and  m  particular  has  the  streptococcus 
which  causes  erysipelas  been  regarded  as  a  distinct  form — the  Streptococcus  erysipelatis. 
Further,  according  to  the  place  in  which  the  streptococcus  was  found,  it  was  formerly 
customary  to  speak  of  a  Streptococcus  puerperalis  (Arloing),  Str,  articulorum  (Flilgge), 
Sir,  scaruUinosus  {Klein)\  or,  according  to  the  manner  of  growth,  of  a  Str,  longus  and 
Str.  brevist  etc.  {von  Lingelsheim).  These  characteristics  are,  however,  not  sufficient  to 
form  a  basis  for  the  separation  of  the  streptococci  into  different  species ;  and  it  appears 
more  correct,  or  at  least  more  expedient,  to  consider  all  the  cham-forming  strepococci 
as  one  s|>ecies,  which  appears  in  many  varieties.  According  to  Howard  and  Perkins 
{J(ur.  of  Med.  Research,  1901)  there  is  a  small  group  of  pathogenic  capsulated  strepto- 
cocci characterized  by  the  viscidity  of  their  growth  and  by  the  formation  of  gelatin- 
ous exudations  in  animals.  For  this  group  they  propose  the  name  of  Streptococcus 
mucosus. 

In  diphtheria  and  scarlet  fever,  streptococcus  infections  of  the  throat  and  air-pas- 
sages are  extremely  common,  particularly  in  the  case  of  the  first-named,  so  that  many 
authors  {Baumgarteny  Dahmer)  are  inclined  to  assign  to  the  streptococcus  a  co-ordinate 
position  with  the  diphtheria-bacillus  in  the  causation  of  diphtheria — the  diphtheria- 
bacilli  predominating  in  the  lighter  forms  of  infection,  the  streptococci  in  the  more 
severe.  Pure  streptococcus  infections  may  present  the  same  picture  as  that  produced 
by  the  Ijoeffler's  bacillus.  If  both  forms  of  bacteria  are  present,  their  effects  may  be 
combined;  perhaps  also  the  presence  of  streptococci  increases  the  virulence  of  the 
diphtheria-bacilli. 

The  Streptococcus  pyogenes  is  especially  pathogenic  for  mice  and  rabbits  (much 
less  so  for  dogs  and  rats);  but  its  virulence  varies  greatly,  and  rapidly  decreases  in 
cultures  grown  on  ordinary  media.  Its  virulence  is  retained  for  a  relatively  long  time 
{Marmorek)  in  cultures  of  the  cocci  in  human-  or  in  horse-serum  (seriun  two  parts, 
bouillon  one  part),  or  in  a  mixture  of  bouillon  and  ascitic  fluid. 

The  nature  of  the  poisons  produced  by  streptococci  is  not  known.  It  has 
been  deRnitely  determined  that  filtered  cultures  sterilized  at  65-70^  C.  contain  poisons; 
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but  it  M  not  vet  known  whether  this  poison,  like  the  toxin  of  the  dipfatheria-haeilh^ 
pio^luces  MX  atitituxin  in  the  organism  and  therefore  should  be  reeard^  as  a  tnie  toco. 

Acci>r(.lin^  to  i^iinon  there  can  be  distin^niished  an  intracellular  weaJdy  ^irokst 
poiM>n  and  a  toxin  excreted  by  the  streptococcus.  The  latter,  howerer,  b  prodvceil 
only  umler  certain  conditions  as.  for  example,  under  the  influence  of  the  bacteriddJ 
juicet^  of  the  animal  body.  Under  certain  conditioos  the  streptococcus  cu  ako  pr.- 
duce  Kewnolysin. 

Nmuerviis  investigators  (A'rui/«*W,  Rimpou,  Tarel,  Menzer,  Aronttm^  iiarmt^u, 
Mo^r,  and  othen$^  have  attentpted  to  inimunixe  aninmU  a^cainst  streptococci  vsfi  r*? 
pHHluce  an  antistreptococeus  serum,  and  the  sera  thus  ohtamed  have  been  used  in  \\jt 
tiCHtnient  of  5tre(>tocoeeus  atTections  in  man.  At  the  present  time  it  is  not  pc«<^if 
t(.>  juvlAce  a$  to  the  therapeutic  value  of  these  p«oceduresw  One  serum  obtained  fnios 
inui)unl«e\i  ht^>rses.  accurvlinj^  to  the  method  of  Dr.  Aronson.  is  manufactURd  in  \m 
chemical  wvrk^^  at  Act  ten  iC  Scherin^V  Accordinic  to  SeufM  and  Rimpau.  the  strzi 
ads  upon  the  bacteria.  chAngiiMC  them  so  that  they  are  taken  up  by  the  ceils. 

A  uujttil^er  of  writers  re^cird  a  small  microcoecus  <  Diploeoccus  rkeumatirw-  as  tb? 
Clia^*e  of  rheumatic  fever  -.see  artiele  by  Ft/ynton^  Osiers  *  Modem  Medicioe/' t»1  i  . 
C(*U  iuad  others  have  :$howu  that  vanoi^ streptococci  produce  experimental  endooirii'^f 
and  arthritis,  and  they,  therefore,  hold  that  there  ia  no  specific  vanety  for  this  aSec- 
tion. 
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rossius:  fc^treptokokkenembolie  em'Auge.     Zeit.  f.  Gebh.,  xviii.,  1890. 
leaver:   The  Vitality  of  Bacteria  from  the  Throats  of  Scarlet-Fever  Patients,  with 

Special  Study  of  Streptococci.     Jour,  of  Med.  Res.,  1903. 
KTeiss:   Aetiologie  d.  Otitis  Media  im  Sauglingsalter.     Beitr.  v.  Ziegler,  xxvii.,  1900. 

§  153.  The  Diplococcus  pneumonias  (Frankel,  Weichselbaum),  or 
streptococcus  lanceolatus  (Gainale'ia),  or  Diplococcus  lanceolatus  (Fod,, 
iordoni-Uffreduzzi),  and  also  known  as  the  Pneumococcus,  is  a  pathogenic 
treptococcus  of  very  frequent  occurrence.  It  forms  spherical,  oval,  and 
anceolate  cocci  (Fig.  442,  a),  which  in  the  human  body  are  usually  sur- 
•ounded  by  a  transparent  capsule,  and  are  grouped  together  in  pairs  (ft, 
?),  or  more  rarely  in  chains  of  such  pairs  (c),  or  in  large  colonies  (d). 

The  Diplococcus  pneumonioB  stains  well  with  fuchsin  and  with  gentian 
riolet,  and  by  these  stains  the  capsule  may  be  demonstrated  in  smear- 
preparations.     The   cocci    are  also    stained    by 
Gram's  method. 

The  cocci  are  facultative  anaerobes.  They 
will  not  grow  upon  gelatin  at  ordinary  room- 
temi)erature,  but  do  so  upon  slightly  alkaline 
blood-serum-gelatin,  upon  agar  and  in  bouillon, 
at  a  temperature  above  22°  C,  and  best  at  the 
temperature  of  the  body.  Tliey  form  upon  the 
Doi?i;p*^(WeilS3STT  surface  of  the  medium  a  delicate,  translucent, 
'A ana'dSLTS^'wi^  glistening  culture,  which  suggests  the  dew-like 
I ffeiatiDous capsule ;  c, chain  dcposit  01  moisture  upou  a  covcr-glass  (Frankel)  ; 
iyX^cL  X "s^'^^"^'     and  consists  of  diplococci  and  chain-cocci  without 

capsules.     The  growth  is,   however,  scanty;  and 
jasily  dies  out.     Upon  potatoes  the  cultures  do  not  thrive. 

The  Diplococcus  pneumoniae  is  in  a  great  number  of  cases  (according 
:o  Weichselbaum  in  seventy-one  per  cent. )  the  cause  of  the  affection  of 
:he  lung  known  as  croupous  pneumonia^  in  which  the  lung  is  the  seat  of  an 
unite  inflammation  which  is  ushered  in  by  a  congestive  hj^pertemia  (Fig. 
U3,  a).  In  the  course  of  the  disease  the  alveoli  over  large  areas  of  the 
lung  become  filled  with  a  coagulated  exudate  consisting  of  desquamated 
epithelium,  leucocytes,  red  blood-cells,  serous  fluid  and  fibrin  (Fig.  204). 
[n  tlie  normal  course  of  the  disease  the  exudate  becomes  liquefied  and 
absorbed.  As  has  been  shown  by  numerous  observations,  the  Diplococ- 
cus pneumoniae  may  also  cause  in  the  lungs  other  inflammatory  processes 
Ixniring  the  character  of  a  catarrhal  or  croupous  bronchopneimiouia. 
During  the  course  of  the  disease  the  cocci  are  found  especially  in  the 
inflamed  areas,  in  the  greatest  numbers  at  the  beginning  of  the  inflam- 
niation ;  they  lie  in  part  free  in  the  alveoli  {b)  and  in  part  clinging  to 
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<ry^l:^  ( J>.  They  mre  found  also  in  finrts  «€  Hktt  Iho^  bordmn^  iip««  tl^ 
umiijMued  amt,  intheplennL  aiidnDd(YC«iritJimcioad[3tk(tt$al!!ont^l^^^ 
<fdunifi:^M,  peritoneam,  meoinp?^  acipcj^acgy  imsall  ca¥i!tDe&  ceflnlir  tbKr 
vi(f  nbe  DerlL,  ID  the  mediaiSiniUL  fSB^anincHtfim  ^  ike  <iC4^  piJbtff  sd'I 
^ddunmx.  in  ibe  d^DJonrtira^  and  tbf  <k±ii.  Im  aiUi  like«-  piares  tlifT  b^^ 
i!:iTY>  ri>i^  to  indaninuiU>rT  Haxt^rifrs.  As  lisne^  liify  BiaT  be  dfSCttinK 
in  liie  jjuxt^  t^"  ibr  >|«kien,  aod  isi  i&ie  Kkk^  aoifl  izai  faie^^manz  vyibm  bj- 
|Hi$)$^  into  tbe  fiYtos  (Viii>.  UiHfer  dMUiLm  cginciniiiiat  ii>  thtj  bit  be 
^rmifiJf/  -diiltJrdmtf^^  tk.rmipkm4  iitit  hn^.p::  juni  max  €!Matst^  in  the  wuttia^ 

id   311  mf^  ^!t^v^^vara>es>^  ai^  £l<€i]nf<7<ii!ni'kii]l  xufinmnuOBMUi.  wilbaiEl  p- 


''^^^     ^       ^^    *♦      %•     *i  >'V^- 


--1-^  ^*  . 
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Jcin  of  the  rabbit's  ear  {Neujeld)  they  also  produce  erysipelatous  inflammations, 
[labbits  are  especially^  susceptible,  as  they  die  with  symptoms  of  septicsemia  in  from 
thirty-six  to  forty-eight  hours  after  subcutaneous  inoculation.  The  injection  of 
:>ure  cultures  into  the  pleural  cavity  of  rabbits  gives  rise  to  a  pleuritis  as  well  as  a 
^iplenization  of  the  lung,  in  which  the  paienchyma  of  the  oigan  is  filled  with  a  heemor- 
rhagic  serous  exudate. 

According  to  A.  Frankel  the  cocci  very  easily  lose  their  virulence,  particularly 
when  cultivated  upon  milk;  and  if  it  is  desired  to  retain  their  virulence  they  must, 
from  time  to  time,  be  passed  through  susceptible  animals.  Cultivation  of  the  cocci  at 
i'2°  C.  for  one  to  two  days  destroys  their  virulence. 

•There  still  exist  different  views  as  to  the  rdle  which  the  Diplococcua  pneumonue 
plays  in  meningitis.  According  to  the  investigations  of  WeichaeJbaumy  Jaeger^  Foiiy 
Albrecht  and  G}umy  Councilman ^  MaUoryand  Wright ^  and  others,  it  may  be  regarded  as 
definitely  demonstrated  that  the  Diphcoccus  pneumonia  can  also  cause  meninoUiSf  and 
that  there  exists  also  a  coccus,  the  Dlplococcus  intnicellttlarls  meningitidis 
( ]VeirhKelbaum)f  which  is  different  from  the  pneumococcus  and  is  to  be  regarded  as  the 
cause  of  epidemic  cerebrospinal  meningitis.  According  to  Jaeger ,  this  oz^anism  does 
n<jt  ^row  like  the  streptococci,  but  forms  heaps  like  the  staphylococci.  Albrcchl, 
(fhon,  and  Weichselbaum  point  out  its  great  similarity  to  the  gonococcus.  They  propose 
to  call  it  in  the  future  the  Micrococcus  meningitidis  cerebrospinalis.  It  is  found 
in  the  nasal  secretions  of  cases  of  epidemic  meningitis  and  also  in  that  of  individuals 
coining  into  contact  with  such  cases.  In  the  inflammatory  cerebrospinal  exudate  it  is 
found  particularly  in  the  polynuclear  leucocytes.  The  essential  pathological  lesions  are 
inflammatory  changes  in  the  membranes  of  the  cord  and  brain,  and  in  nie  tissue  of  the 
brain,  cord,  and  nerves;  Flexner '  &nd  Jobling  (Jour.  Amer.  Med.  Assoc.,  July, 
11K)8)  report  most  encouraging  results  in  the  treatment  of  epidemic  meningitis  with 
a  >erum  prepared  in  the  horse  by  inoculation  of  Diplococcus  intracellidaris. 

Pneumotoxin  is  formed  by  the  pneumococci  most  abundantly  in  the  human  and 
animi?!  organism,  but  only  sparsely  in  ordinary  nutritive  media  (Isaeff),  It  is  doubtful 
wliether  bactericidal  antibodies  or  antitoxins  arise  during  the  course  of  the  disease. 
It  is  therefore  probable  that  the  pneumotoxin  does  not  belong  to  the  true  toxins. 
Animals  may  he  immunized  in  various  ways  against  pneumococci,  and  the  serum 
of  an  immunized  animal  may  be  used  also  as  a  nealing  serum.  The  results  of  treat- 
ment in  man  are  still  doubtful.  Difficulties  arise  through  the  fact  that  pneumonia 
can  be  caused  also  by  various  other  bacteria  (pneumo-bacilli,  pus  cocci,  influenzar 
bacilli,  etc.).     (See  v.  Marikovsky  and  Oppenheimer,  I.  c.) 
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§  154.  The  Staphylococcus  pyogenes  aureus  (Koseabarh)  or  Mkii»- 

ooccus  pyogenes  (Lehmann)  consists  of  sphcriail  cells  occurring  siDg1.» 
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r  ill  jtiiii-K,  iiiid  Ity  their  luuUipliuitioii  forming  giiipe-Iike  cluHters  and 
I'Hi-nis.  The  cocci  are  easily  Ktuiiied  by  various  anilint!  dyes,  and  alMi 
y  (i|-iln^^i  inetliod.  Tliey  are  fariilttttive  aiiaen>be8,  but  gi-ow  lK'tt<>r 
Iieii  sii]>])lied  with  oxygen. 

Tli4-  stapbyloccK-CUS  tbriv(»  on  all  cultnre-inediii,  even  at  urdiinirj' 
x>iu- temperatures,  though  better  at  37°  C  It  forms  white  colonies, 
hicb  produce  pigment  in  those  parts  exposed  to  the  air  and  liecome 
r-,in^e-ycllow.  The  pigment- formation  is  most  marked  on  i^r-.ir  and 
iitatoes.  Ijelatiu  is  slowly  liqueJied.  In  the  preseuce  of  grape-sugar 
forms  lactic  acid,  aeetic  acid,  and  valerianic  acid.  In  bouillon-cult- 
res  there  are  produced  poisons  of  very  violent  action.  The  Utaphylo- 
iccu.s  jjyogenes  is  one  of  the  most  frequently  occurring  pathogenic  bac- 
ria,  and  is,  with  the  Streptococcus  pyogenes,  the  most  eommou  cause  of 
uppuration.  Both  fonns  of  cocci  are  therefore  designated  pus-coed, 
I  the  narrower  sense  of  the  term.  It  is  widely  distribnted  throngbotit 
le  external  world,  and  has  been  demonstrated  in  milk,  wash-water,  and 
aste- water,  as  well  as  in  the  air  of  oj>eratiug- rooms  and  sick-chambers. 


G.  115.-lllll>rTpiin]leat>K(ihrttls,  caoMd  by  MapbrlooiMcl.  iMiiDWT  focn  In  akin  <fiinuHiil«la>  Ulro- 
Ik>).iDMirl-TloM,eaniiliK).   a. Nanml  kMiiht  thrae :  h. nllecUoiH  of  inerl :  ;.  puruleDl  focm.    xO. 

iicreasiug  in  the  tissues  of  the  human  body  (Figs.  444-446)  it  caoaee 
iistte-deffeneratiotu  and  timuenetn-oae*  foUowed  by  infiamnudion  (Figs.  444, 
,  e;  445,  ft,  e;  446,  c,  d),  which  is  usnally  jjitm^Hi  in  character,  but  not 
ifreqnently  is  less  severe — that  is,  it  docs  not  lead  to  tiifue-aitppuratioit. 

The  sttppuratioiu  produced  by  staphylococci  are  usually  rireumgeribed 
Pigs.  444,  44.5),  and  show  a  less  tendency  to  involve  rapidly  the  sor- 
}Qnding  tissue  than  do  the  suppurations  cause<l  by  streptocoect.  In  the 
iin  they  give  rise  in  particular  to  the  forms  of  inflammation  known  as 
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amr,  rrzema,  furHUfit;  and  CMtaneoit  and  mtfrmfawmw  iifcwnm.  In  tk 
ik'MiHtus  system  tUey  are  the  most  frpqoeni  <9use  of  tbe  hcmatt^enoib 
piiriik-iit  disntNi'Rof  the  bone  marrow  and  perioe^teiun  knovn  a»  neply 
vMiytmi/rfifi'  (Fip.  -146)  and  pfriottUu.  They  not  inrreqaenlly raoKe p«n 
imt  injlammoliitiu  of  Ihe  lie^r,  lmng»,  ptmrn,  perttammm,  brat*.  ■MHinjn, 
mmmVc,  m»/ocardium,  tplefn,  kidneifp,  joi»l*.  etc. ;  and  are  often  tbe  can*  d 
xevt-re.  in  part  purulent,  inJIammatioM  of  tkf  endocardium.  Hince  Ibr 
vinileiiee  of  the  titaphylocooci  varies,  tbey  rsui  also  produce,  iu  all  ik- 
r^ionit  niunetl,  ligklrr  InfuUoty  iiiJIammtdiomM  which  heal  with  or  vithm 
M^r- format  ion. 

The  potial  of  entramrr  of  stapfaylocorri  is  often  easily  recf^nin'*'* 
vespeoially  in  the  case  of  woandsj,  and  tbe  sane  is  true  of  the  palhof 


■-IB  twnuBCTTJia  rf  ndjwMt.     'UtVM.  mplbrt   tUb,  an*.' 


!>■«'  Mmm'^wtf  t^  il«e  iiiTrimal  /trgsBK.  mliwrin  imMammMmmt  of  (if  h/"^' 
rvw^  >m^m4ii^im^» <  and  nr  Shr  iOtrf ww*  ,'>bMdtw.  aitrntit:  wi' 
lhr»v  a)S]v»-»ncfv  Ct?f4«caBAc  taiacsiaBS  atri.  howrrCT.  of  not  infrv^ 
itmvni  ot^'niTvni'vi.  ?*r<  Thai  Tl«r  iii-it  nvapniuHe  kKalisalioo  of  tbe  iDl"^ 

N)\'^<M*i  <^  ^i«»>,x  fowvc  Thntort  Tbr  litnAd-smvoa  loadf^  tOHn>tip)«  U«iJi 
■•«ihtv  «>'))-,  ahww«>  T.maaTMttt.  anc  Tlu*.  uiditif  is^ripaalrd  pyxinii- 
!«s  »-  rV  iBTtr  a:  ihr  sjn>a«>  cAndinnn  raaw^i  tw  t)w  T«ivi«orocne.  Hr 
^>wiii"vv»:sn-  .v  »  -iS^jiJ.x  i.ic^irrRs  iiiMvrniB  wirh  iwnT  symptom' ''^ 
t>sv\\v«»sM.  rv  b!^'  tivvi  a>  9^McM9iBta:  aari  tkr  cw^faaaalioii  "f  > 
^■*»*V,\  '.vvuN'itv  i.\-«i«»t*  %  i;t  'Mwitmwua  i^  afcw  katMv  as M-pUcufiyrB" 

.-  ho». 
.  partkiibrtY  fui 
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he  first-named,  less  so  for  the  last.  In  these  animals  it  canses  suppn- 
ratiou.  The  staphylococcus  loses  its  virulence  easily  in  cultures.  The 
Inocalation  of  cultures  of  high  virulence  into  susceptible  animals  causes 
i  gelatinous  oedema. 

Closely  related  to  the  Staphylococcus  pyogenes  aureus  are  the  Staphy- 
lococcus pyogenes  altnis  (Bosenbach)  and  the  Staphylococcus  pyogenes 
:itreus  (Passet) ;  these  forms  probably  represent  modifietl  varieties  of 
he  aureus.  The  albus  forms  whitish,  the  citreus  lemon-yellow  colonies, 
rhese  bacteria  occur  in  the  same  regions  and  produce  the  same  effects  as 
he  aureus,  but  are  more  rare  than  the  last  named. 

The  Staphylococcus  pyogenes  aureus  usually  occurs  alone  in  the  pus- 
'oci,  but  not  infrequently  there  may  be  associated  with  it  other  pus- 
rocci  or  even  bacilli,  as,  for  example,  the  Bacterium  coli  commune,  or 
lie  typhoid-bacillus. 


The  staphylococcus  forms  a  hfiemolysin  and  a  leukocidin  {Van  der  Velde^  Neisser, 


injected  into  the  tissues.    Staphylolysin  and  hscmolysin 
lin  form  in  the  oiganism  arUistaphylolysin  and  arUileukacidin  and  therefore  belong  to 
;he  toxins. 

A  sermn  produced  by  pathogenic  staphylococci  will  aj^lutinate  both  the  homol* 
»gou8  strain  as  well  as  the  majority  of  other  pathogenic  strains  (Kloppatock  and  Bocken- 
leimer). 
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g  155.  The  Micrococcus  QonorilMER  or  Oimiococcus  (Fig.  -147)l<;i 
ooccuB  first  described  by  Xeiaser  la  the  year  1870.     It  is  eonsUDtlr  pre^ 
ent  ill  tlie  ditsehargeH  of  the  pnrulent  catarrh,  kno«-u  an  gonorrhoa.  "1 
the  male  aiid  female  iirvthm,  and  female  genital  canal  (especially  of  Ibe 
vKrvix),  as    veil  an  in  the   serretiona  of 
gooorrhoeal  ophthalmia.      It  is  regarded 
as  the  cause  of  gouorrhcea  as  well  as  of 
the  bleni)orrh<Ba  of  the  eye.     Besides  the 
specific  cocci,   other  cocci   may  also    be 
present  in  the  gonorrhceal  secretions,  some 
of  them  closely  re.sembling  the  gonococcns ; 
the  pus-cocci  may  also  be  present. 

The   gonococcus   may   be    cultivated 
upon    coagulated    human   blood -serum, 

blofxl  -scrum  gelatin,  on  human  blood-ser-        f"-  w".— fionoond  in  loe  aw*[j^ 
um-agar,  on  urine-agnr;  and  forms  on  the     (niFUiyiene.bii)e.  nsin'r'a,  )i«obi' 
surface  of  the  nutrient  medium  a  thin     SXJ,?"iSi;5h ^F^^US^" 
grayish-yellow  layer  having  a  smooth  sur-     ^o- 
face.     It  dies  out  easily,  and  grows  onlj' 
at   higher  temperatures.     Wassermanu  i-ccommends  ns  cultiire-iimiinia 


Pio.  Utl.^Urethm<ii  RC 

Wrown  Into  folds  (MOIIer'a .„. 

iBBItiatcd,  prolltPTHtlnit  rimnErllve  i 
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Rwiues'-serum-Diitrose-afcar;   Wertheim,  2  to  3  parts  of  a  meat  bonillon 

;i»ep  tone -agar  with  1  part  of  S(»nini. 

The  cell  of  the  gonococcus  contains  a  poison  (Wassermann)  which, 

-wlien  injected  into  the  tissaes,  excites  inflammation. 

Animals  are  immune  against  inoculations  with  the  gonococcus.    Eff  oils 

1 1  iside  to  inoculate  human  beings  with  artificially  cultivated  gonococci  have 

l»t^n  successful  in  producing  a  purulent  catarrh  of  the  inoculated  mucous 

membrane. 

In  the  purulent  secretion  of  the  mucous  membrane  infected  with  gon- 

orrhcea  the  coccus  usually  forms  clumps,  and  for  the  greattcr  part  api>ears 
in  the  form  of  diplococci,  the  opposing  surfaces  of  which  are  flattene<l 
<  Fig.  447);  but  occurs  also  in  pail  free  (a),  and  in  part  inclosed  within 
cells  (ft).  It  stains  easily  with  aniline  dyes,  but  is  decolorized  by  Gram's 
jiiethod. 

The  gonococcus  i)enetrates  into  the  epithelial  layer  of  the  affected 
iiiueous  membrane,  and  lies  partly  between  and  partly  in  the  epithelial 
cells,  and  in  leucocytes.  Only  the  uppermost  layers  of  the  connecti\e 
tissue  are  infilti*ated.  The  infilti-ation  is  most  marked  in  the  case  of 
cylindrical  epithelium,  while  in  the  regions  covered  by  squamous  epithe- 
lium (fossa  navicularis,  vagina)  the  cocci  lie  more  superficially.  They 
cause  inflammations  which  bear  the  character  of  purulent  catarrhs,  and 
are  associated  with  a  cellular  infiltration  of  the  tissue  of  the  mucosa 
(Fig.  448,  b,  c,  d)  and  with  epithelial  desquamation.  The  male  and 
female  urethra  and  the  adjoining  parts  of  the  genital  glands  and  ducts, 
uiid  the  urinary  passages  fonn  the  chief  seats  of  localization.  According 
to  Scholz  there  occurs,  after  a  three- weeks'  duration  of  the  disease  in 
the  nmle  urethra,  a  metaplasia  of  cylindrical  cells  into  stratified  squam- 
ous cells,  and  the  secretion  decreases  after  this  time.  To  what  extent 
thedeeiHjr  inflammations  so  frequently  accompanying  or  following  gonor- 
rhoea (peri-urethral  abscesses,  prostatitis,  epididymitis,  vesiculitis,  cysti- 
titis,  inflammation  of  the  ducts  of  Bartholin's  glands,  SJilpingitis,  ovar- 
itis, i)elvic  peritonitis,  arthritis,  etc.)  are  to  be  i-eferred  to  the  spread  of 
the  gonococcus  or  to  what  extent  to  secondary  infections  by  the  pus-cocci 
is  yet  a  disputed  question.  According  to  the  investigations  made  up  to 
the  jji'esent  time  there  can  be  no  doubt  that  the  gonococcus  may  become 
widely  spread  over  the  surface  of  the  mucous  membranes.  It  has  been 
many  times  demonstrated  in  the  blood  (KraiLse),  in  the  inflamed  epididy- 
mis, tubes,  ovaries,  joints,  cardiac  valves,  tendon- sheaths,  bursa?,  in  peri- 
and  parametritic  foci  of  inflammation,  and  in  peri-urethral  abscesses. 
In  these  cases  it  has  been  regarded  as  the  cause  of  the  inflammation,  yet. 
the  processes  which  lead  to  suppuration,  and  even  the  metastases  in  dis- 
tant organs,  appear  to  be  more  frequently  dependent  upon  the  presence  of 
piLs-cocci. 

Gonorrhceal  infection  is  at  the  beginning  an  acute  process,  but  may 
l^ecome  chronic,  and  is  cured  only  with  gi-eat  difficulty;  since  the  gono- 
cocci can  maintain  themselves  here  and  there  in  the  urethra,  tubes,  etc., 
for  yeai-s,  and  continue  to  cause  inflammation. 

The  gonococcus  produces  a  poison  which  remains  essentially  hound  to  the  cell 
and  only  slightly  passes  over  into  the  cultui-e  fluid.  The  existence  of  a  poison  produc- 
ing an  antitoxin  has  not  yet  been  demonstrated.  The  best  of  the  fluid  culture-media 
is  the  one  advised  by  Wertheim,  consisting  of  2  to  3  parts  meat  bouillon  ^ith  one  part  of 
blood  83rum  (ascitic  or  pleuritic  fluid,  etc.). 

Cole  and  Meakins  {J,  H.  Hosp.  BidLy  1907)  obtained  promising  results  in  the 
treatment  of  gonorrhoeal  arthritis  by  bacterial  inoculation.  M>/w  {Jour,  Infect.  Dis^ 
1908)  also  obtained  favorable  results  in  the  similar  treatment  of  gonococcus  arthritis. 
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He  also  found  that  the  injection  of  ckad  gonococci  into  individuals  suffering  fram 
chronic  gonococcus  infections  gave  a  *'  gonococeus-reaetion  "  which  may  be  of  aasisfe- 
ancein  diagnofiis. 
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§  156.  Cocci  have  been  demonstrated  with  certainty  as  the  cause  of 
disMse  in  animals  in  the  case  of  a  large  number  of  infections  diseases, 
and  are  regarded  with  probability  as  the  cause  in  the  case  of  others.  As 
has  already  been  stated,  the  Streptococcus  pyogenes,  the  IMpiococcus 
pneumoniae,  and  the  flicrocoocus  pyogenes  aureus,  citrens,  and  allHis 
are  also  jMithogenic  for  different  animals,  and  the  last-named  in  particu- 
lar often  cause  spontaneous — ^not  caused  by  inoculation — suppurative* 
Inflammations  in  animal&  The  disease  occurring  in  colts  and  calves 
known  as  staggers,  characterized  by  inflammations  of  the  joints,  is  a 
staphylococcus  and  streptococcus  infection  occurring  through  the  navel 
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lid  belongs  to  the  group  of  Repticopysemic  processes.  Moreover,  diseases 
ave  also  been  produced  experimentally  in  animals  by  different  cocci 
rhicli  were  not  pathogenic  for  man.  Further,  in  many  spontaneous  dis- 
ases  of  animals  cocci,  that  are  probably  to  be  regarded  as  the  cause, 
ave  been  demonstrated. 

(1)  According  to  SehuUC^  Der  Streptococcus  der  Druse  der  Pferde,"  Arch,  f,  wisg.  n, 
rrakt.  Thierheilk.,  xiv.,  1888;  Zeit.f,  Hygiene,  iii.),  Sand b,u^  Jensen  ("Die  Aetiologieder 
)ruse,"  Dent9eh,  Zeit.f.  Thiermed.,  xiii.),  and  iW&(**Die  Mikrokokken  der  Druse  der 
^ferde,**  Fariaehr.  d.  Med.,  vi.)  the  strangles  of  horses  is  an  infectious  disease,  in  which 
lie  mucous  membrane  of  the  upper  respiratory  tract  is  the  seat  of  a  mucopurulent 
Dflammation.  in  which,  moreover,  the  lymph-glands  pertaining  to  the  region  become 
wollen  and  in  part  suppurate;  and  is  caused  by  a  efiain-forming  coeeiu,  which  can  be 
ultivated,  and,  when  inoculated  into  horses  {Sehutz)  again  produces  the  disease. 

(2)  Accordingto  Sehutz  ("  Die  Ursachen  der  Brustseuche  des  Pferdes,"  Arch.f.  wis- 
ensrh.  u.  prakt,  Thierheilk.,  1887;  Vireh,  Arch.,  107  Bd.,  1887)  the  epidemic  lung-din- 
ttse  of  horsea  (infectious  pneumonia)  is  caused  by  an  oval  coccus,  which  forms  pairs  and 
hains,  and  is  not  identical  with  the  Diplococcus  pneumonis  (Fr&nkel)  or  the  Bacillus 
>Deuinoniffi  (Friedlftnder),  and  therefore  not  identical  with  the  bacterium  described  by 
I^trronrito  (Arch,  ital.  de  biol.,  vii.,  1886)  as  occurring  in  the  pneumonia  of  horses,  and 
leld  by  him  to  be  identical  with  the  Diplococcus  pneumonise. 

(3)  According  to  PoeU  and  Nolen  ( Fortsch.  der  Med. ,  iv. ,  1886) ,  monococci  and  dipio* 
»cci,  which  in  part  possess  a  gelatinous  capsule,  are  found  constantly  in  the  luncs  and 
n  the  pleural  exudate  in  the  contagious  pleurojmeumonia  of  cattle.  On  gelatin  and  agar- 
ijjar  they  form  chiefly  white  colonies  wnich  later  become  cream-coloreo.  Pure  cultures 
njected  into  the  lungs  of  rabbits,  guinea-pigs,  dogs,  and  cattle  give  rise  to  pneumonic 
>hanges.  According  to  Friedberger  and  Frdhner  ("  Spez.  Pathologic,"  Stuttgart,  1896), 
he  infective  material  is  not  known  with  certainty. 

(4)  In  the  udder-inflammations  of  the  domestic  animals,  which  occur  sometimes 
iporadically,  sometimes  epidemically,  different  micrococci  and  streptococci  have  been  de- 
scribed, and  designated  by  various  names  {Hess  and  Bergeaud,  "Con tag.  Euterentztin- 
lung,  gelber  Gait  genannt."  Schweiz.  Arch  f.  Thierheilk. y  30  Bd.,  1888;  Frank,  **Euter- 
?ntzundungen,"  Dtsch.  Zeii.  f.  Thiermed.,  ii.,  1876;  Kitt,  "Euterentziindung,"  "Lehrb. 
J.  path.  anat.  Diagnostil^/'  Stuttgart,  1894;  Jensen,  ''Mastitis/'  Ergebn.  d.  allg.  Path.^ 
Iv.,  1899). 

(5)  According  to  Johns  (" Seuchenart.  Cerebrospinalmeningitis  d.  Pferde,"  Dtsch, 
Zeitschr.f.  Thiermed.,  xxii.,  1887),  the  cerebrospinal  meningitis,  which  occurs  epidemi- 
cally in  horses  is  caused  by  the  Dtp2ococcu«  in/rareUulans  7rientn^7idis  (Weichselbaum, 
\   153). 

(6)  Babes  found  in  the  luemoglobinuria  of  cattle,  which  occurs  a^  an  epidemic 
disease  in  Roumania,  a  coccus  similar  to  the  gonococcus,  which  he  regards  as  the  cause 
of  the  disease  ("Sur  Th^moglobinurie  bact^rienne  du  boeuf,''  Compt.  rend,  de  I  Acad,  des 
Sciences  de  Paris,  cvii.,  1888;  Virch.  Arch.,  115  Bd.,  Annal.  de  VInstitut  de  pathoL  d, 
Bucarest,  1890). 

(7)  According  to  RivoUa  and  Johne  (Dtsch.  Zeitschr.f.  Thiermed.,  xii.;  ''Bericht 
uher  das  Veterinarwesen  im  K5nigr.  Sachsen  f.  d.  J.  1885 '')  and  Robe  (Dtsch.  Zeitschr, 
f.  Thiermed.,  xii.),  there  occurs  in  norses  a  peculiar  tumor-like  growth  of  connective  tis- 
sue, designated  by  Johne  as  mycofibroma  or  mycodesmoid,  which  is  caused  by  a  micrococ- 
cus that  grows  in  animal  tissues  in  round  or  grape-like  colonies  which  quickly  become 
surrounded  by  a  hyaline  capsule,  and  are  therefore  to  be  reckoned  as  ascococd  (Micro^ 
coccus  ascoformans).  Bollinger  and  Glage  designate  the  coccus  as  Botryomyces,  Rabe 
as  Micrococcus  botryogenes,  Kitt  as  Botryococcus  ascoformans.  The  growths  consist  of 
connective  tissue,  resembling  those  of  actinomycosis,  and  enclose  small  suppurating 
foci  of  eranulation  tissue  which  contain  the  fungi.  They  appear  to  develop  most 
frequently  in  the  spermatic  cord  after  castration,  but  occur  also  on  other  parts  of  the 
bocly,  particularly  in  the  skin  (Kilt,  "  Der  Micrococcus  ascoformans  und  das  Mycofi- 
brom  des  Pferdes,"  Cbl.  f.  Bakt.,  iii.,  1888;  Schneidemuhl,  '*  Botryomycosis,"  Cbl.  /. 
Bckt.,x\iv.,  1898  [Lit.];  Glage:  " lV)tryomykoso.''  "Handb.d.p»ithog.Mikroorg.,"iii., 
Jena,  1903). 

(8)  According  to  Eberth  (Virch.  Arch.,  80  Bd.)  and  M.  Wolff  (Virch.  Arch.,  93 
Bd.),  many  of  the-^ay  parrots  brought  to  Europe  (Psiltacus  erUhacus)  die  of  a  strepto- 
coccus mycosis.  The  micrococci  are  found  in  almost  all  the  organs,  but  especially  in 
the  capillaries  of  the  liver  and  their  neighborhood,  where  they  cause  necrosis  of  the 
Uver-cells,  but  no  suppuration. 

(9)  According  to  Ostertag  ('•  Handb.  d.  pathog.  Mikroorg.,"  ii.),  the  infective  vaginal 
catarrh  of  cattle  is  caused  by  a  streptococcus. 
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2.    Thk  Bacilli    and   the   Polymorphous    Bactkria, 
Pathological  Pkoc-e«se8  Produced  by  Them. 

(a)  Oenrral  Considerations  Regarding  BaeiUi  and  the  Polgmorpho 

%  157.  Under  the  denignation  bacilli  or  bacillaces  (A.  Fradier  m. 
Baeteriacew  (Zopf)  may  be  classed  all  thoKe  bacteria  which  oeear  in  tht 
form  of  Hti*aigbt  rods  or  rods  which  are  slightly  bent  in  one  plane.  Br 
many  authors  (Cohn,  Hiippe,  Lehmanu)  the  bacillacese  are  divided  int«< 
two  groups:  bacterium  and  bacillus,  the  latter  being  eharacterixed  by 
the  production  of  endogenous  spores,  while  spore-formation  is  laddic 
in  the  former. 

The  bacilli  multiply  by  division.  The  rods  grow  in  length,  and  di- 
vide into  approximately  equal  part«  through  the  formation  of  a  tna»- 
verse  partition-wall.  If  the  division  of  one  of  the  elongating  boeilli  i^ 
delayed,  or  if  the  separation  of  the  individual  rods  from  one  anotbrr 
is  not  distinctly  recognizable,  there  arise  long,  unbranched  rodsorthreawt* 
(Fig.  450,  h).  '  If  the  divided  rods  remain  attached  to  each  other,  there 
are  formed  chains  of  rods  (Figs.  449,  c;  450,  /•).      In   many  forms  of 


FIG.  449.  Fiti.4oQ. 

Fiu.  449.— Barillus  subtilis  In  various  stajres  of  d6vek>pinent  (Prazmowski).  a,  Sinirle  mis:  1^  rwh 
with  flafroUa :  r.  chain  of  rods ;  r/,  single  celh  with  sporijs;  e,  chain  of  rods  with  spores ;  f  *~-\gwmismi»oa 
of  a  spore,    xmi 

FlO.  4«>.— ClostrldUini  butyricum  (PntzinowskH.  n.  Short  nxls ;  h,  lonjr  rods ;  f ,  chain  of  rtuls ;  ft.  o»4h 
with  spores ;  c  >— ",  germination  of  a  spore,    x  WW. 

bacilli  the  ends  of  the  individual  rods  ai'C  blunt,  in  others  rounded  «ir 
l)ointed. 

In  many  bacilli,  resting  as  well  as  swarming  stages  are  observed. 
Fhigella  serve  as  the  organs  of  motion  (Fig.  449,  b) ;  they  are  sitnattni 
sometimes  at  the  ends,  sometimes  on  the  sides,  of  the  rods,  and  may  occur 
in  large  numbers.  In  many  bacilli  an  endogenous  spore-formatioo  is 
observed  (Figs.  449,  d,  e;  450,  d),  the  spores  lying  sometimes  in  tht* 
middle,  sometimes  at  one  end,  of  the  cell.  Kot  infrequently  the  s^wrp^ 
a])pear  within  jointed  threads.  The  germination  of  spores  results  in  tbe 
formation  of  new  rods  (Figs.  449,  /*•,  450  f ''). 

During  spore-formation  the  rods  usually  do  not  change  their  shapt- 
to  any  marked  extent.  In  other  cases  they  assume  a  spindle-,  dub-,  or 
l>ear-shape  (Fig.  450,  iX),  and  these  changes  have  been  taken  as  the  b*«s 
for  the  establi^ment  of  an  especial  grtnip,  Clostridium,  On  the  other 
handy  numerous  authoi*s  class  these  forms  with  the  bacilli. 

The  polymorphous  bacteria  are  distinguished  from  the  bacilli  by  the 
fact  that  they  form,  besides  rods,  also  long  threads,  in  part  with  false  or 
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true  bmueliing ;  and  iu  individual  cases  a  basal  uon-proliferatiiig  end  and 
an  apical  prolifei-ating  end  may  be  distinguished.  In  this  category 
may  be  placed  the  fungi  designated  Streptothnx,  Cladothrix,  Beggiatoa, 
and  Crenothrix,  They  are  here  placed  with  the  bacilli,  because,  on  the 
one  hand,  their  botanical  position  is  not  definitely  determined,  while,  on 
the  other,  in  so  far  as  they  are  pathogenic,  they  conform  most  closely  to 
the  bacilli  in  their  biological  properties  {cf,  diphtheria-bacilli,  tubercle- 
bacilli,  and  actinomyces). 

The  saprophytic  bacilli  produce  many  forms  oi  fermentixtion  by  their 
i^rowth  in  nutrient  fluids ;  many  also  form  pigments,  A  sharp  line  can- 
not be  drawn  between  the  saprophj'tic  bacilli  and  the  pathogenic  forms, 
since  some  saphrophytes  {Protetis  mUgaris,  Bacillus  pyocyaneus,  B.  tetani, 
B.  eedematis  nwligni)  occasionally  develop  also  in  the  human  organism. 
Si>me  also  form  toxins  {B.  botulinus,B.  pyacffaneus)  which  when  taken  into 
the  organism  prodnce  intoxication. 

Bacillus  botulinus  (Van  Ermengem)  is  an  obligate  anaerobic  bacillus 
which  develops  occasionally  in  sausage,  particularly  in  blood  and  liver 
sausages,  also  in  smoked  meat,  canned  meats,  game  pies,  salted  fish,  and 
also  in  preserved  fruits  and  vegetables.  The  bacillus  is  (Van  Ermen- 
<;em)  4-6  /jl  long,  0.9-1.2  fi  broad,  and  i>o8sess<^s  4-8  peripherally  arranged 
tlagella.  It  stains  according  to  Gram.  In  the  ordinary  nutritive  media 
it  grows  best  under  anaerobic  conditions  at  a  temperature  of  18°-25*'  C, 
and  forms  endogenous  spores.     Acids  easily  inhibit  its  growth. 

When  growing  in  the  foods  mentioned  above,  it  produces  a  true  toxin 
which  is  very  poisonous  for  experimental  animals,  and  causes  the  f orma- 
t  ion  of  an  antitoxin.  The  poison  is  rendered  inactive  by  heating  to  80° 
( '.,  but  is  not  changed  by  the  digestive  juices.  The  consumption  of  food 
in  which  the  bacillus  has  already  formed  its  toxins  leads,  therefore,  to 
iutoxic«ation.  On  the  other  hand,  the  bacillus  does  not  develop  in  the 
Imman  organism,  its  growth  being  hindered  by  the  high  body  tempera- 
ture.    The  bacillus  should  be  classed  then  as  a  ioxicogenic  saprophyte. 

The  disease  known  asbotulismus  or  allantisusis  or  ichthyoismus  comes 
on  about  twenty-four  to  thirty-six  hours  after  the  taking  of  the  food, 
and  is  characterized  essentially  by  nervous  disturbances  of  central  origin, 
secretory  disturbances,  motor  paralysis  (paralysis  of  accommodation, 
mydriasis,  i)tosis,  and  double  vision),  dryness  and  redness  of  the  mucous 
membrane  of  mouth  and  pharynx,  aphonia,  dysphagia,  etc.  Constipa- 
tion and  retention  of  urine  frequently  take  place,  or  there  may  be  diar- 
rhoea and  vomiting.  Death  often  results  after  a  short  time  through 
bulbar  paralysis. 

As  Proteus  vulgaris,  Hauser  has  described  a  bacillus  (Bacterium  vuh 
(fare  of  Lehmann)  which  is  very  frequently  present  in  decomposing  ani- 
mal substances  and  in  human  cadavers,  and  in  gangrenous  ulcers,  and 
oauses  putrid  decomposition.  It  forms  rods  of  varying  length,  and  pro- 
'luces  substances  poisonous  for  animals.  According  to  observations  by 
numerous  authors,  it  is^not  infrequently  found  in  human  tissues,  chiefly  in 
JLssoeiation  with  other  bacteria,  streptococci,  pneumococci,  diphtheria- 
bacilli;  and  by  its  presence  aggravates  the  course  of  the  infection  and 
("Mis^s  putrid  (lecomposition  of  the  pus  and  the  necrotic  tissue.  In  rare 
cases  it  may  alone,  without  the  association  of  other  bacteria,  cause  inflam- 
mations, particularly  of  the  urinary  bladder  (cystitis).  Several  cases  of 
hocmorrhaffic  enteritis  have  also  been  described,  in  which  a  form  of  proteus 
was  regarded  as  the  causal  agent.  Further,  proteus  has  also  been  found 
in  inflammations  of  the  female  genital  tract,  serous  membranes,  and  liver 
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(infectious  icterus),  and  has  been  considered  to  be  the  cause  of  the  glren 
inflammation.  Proteus  must  therefore  be  classed  with  the  paramtic  or 
pathogenic  haderia.  Its  pathogenic  activity  rests  chiefly  upon  the  forma- 
tion of  poisonous  substances.     (Ldterature  given  by  Meyerhof,  L  c  ). 

The  pathogenic  bacilli  and  polymorphous  bacteria  caofie  x^^^l^ 
acute  and  partly  chronic  affections,  the  former  terminating  either  iu 
death  or  in  healing  after  the  destruction  of  the  bacteria.  It  also  hap- 
pens in  the  acute  diseases  that  the  bacteria  may  remain  in  the  body  for 
along  time.  The  chronic  affections  are  characterized  by  the  X)er8isteuct' 
and  multiplication  of  the  bacteria  within  the  body,  so  that  the  disease 
assumes  a  progressive  character,  and  sometimes  slowly,  sometime  rapidly, 
new  regions  are  in  turn  invaded  by  the  bacteria  and  suffer  pathologic^ 
changes. 

Bacillus  Sllbtllis  is  a  fission-fungus  ^whofie  spores  are  widely  distributed  in  the 
ground,  hay  (hay-bacilliis),  and  in  the  air.  When  cultivated  upon  potato  or  apcm 
the  dun^  of  herbivorous  animals,  it  fonns  whitish-yeOow  coicMiies;  upon  liquids  it 
forms  thm  and  thick  pellicles.     It  requires  oxygen  for  its  dev^opment. 

The  fully  developed  rods  (Fig.  449,  o)  are  6  /t  long.  The  snake-like  motion5 
occurring  at  times  are  produced  by  means  of  numerous  lateral  and  terminal  flagella. 
Through  the  growth  of  the  rods  undivided  threads  are  formed  which  after  di vision 
form  chains  of  rods.  The  separate  cells  may  develop  in  their  intmor  listening, 
sharply  contoured  spores  (cf,  t\  which  lie  either  in  the  middle  or  nearer  to  one  end  of 
the  cell.  Later  the  cells  in  which  the  spores  have  been  formed  die.  During  geimina' 
tion  the  spores  bec<Hne  pale  (Fig.  449/,  *'^),  lose  their  glistening  appearance  aiid  their 
sharp  contour.  A  shadow  then  appears  at  each  pole,  while  the  spore  begins  a  tremu- 
lous motion.  After  a  time  the  contents  of  the  spore  project  from  the  membiane  of 
the  spore  in  the  form  of  a  germinal  utricle,  whicn  later  becomes  elongated,  divides, 
and  produces  swarming  rods. 

The  Bacflhis  bvlyricttS  {BaeUUs  omyiobaeter  of  Van  Tiegkem,  Yibrum  htdyriqut 
of  Posieur^  Clostridium  fnttyricum  of  Pnamowski)  consists  of  rods  of  3  to  10^  in 
length,  and  also  forms  threads  and  chains  of  rods.  During  spore-formation  the  cells 
become  sfHndle-,  dub-,  or  tadpole-shaped  (Fig.  450,  d),  and  then  produce  one  to  two 
listening  spores.  In  germination,  after  the  absorption  of  the  MmreHoiembrane  a 
germinal  utride  appears  at  one  of  the  two  poles  (Fig.  450,  e^^);  tnis  becomes  elon- 
gated, and  produces  new  rods  by  segmentation. 

The  Baeiilus  bufyrtnta  does  not  need  oxygen  for  its  development;  it  prodnccf: 
butyric-actd  fermentation  with  evolution  of  carbonic  acid,  in  solutions  of  starch, 
dextrin,  sugar  or  dlycerin.  In  media  containing  starch,  glycerin,  or  cellulose  the 
bacilli  are  colored  Mue  with  i<xline. 

Bacllloa  prod%l06as  grows  upon  potatoes  and  bread,  as  well  as  upon  agar- 
agar,  and  upon  nutrient  gelatin,  liqaef3rii^  the  latter.  It  forms  a  red  cokmng  matter 
which  is  soluble  in  alcohol.  The  pigment  is  formed  only  in  the  presence  of  osEygen: 
in  the  erowth  in  milk  the  coloringnnatter  is  contained  in  the  fat-drcyplets.  The  bacilli 
thnnselii'es  are  always  colorless. 

Bartlias  fliiMrcaccflS  lli«>fiiclei  forms  whitish  cultures  in  gelatin,  in  the 
neighborhood  of  which  the  gelatin  is  liquefied,  while  in  the  remote  sorxtHmdinc: 
portions  it  gradually  takes  on  a  greenish-yellow  fluorescence. 

BadUttS  cyaaofettos  {Seeiaen^  Huepoe),  when  cultivated  in  steriliied  milk, 
causes  a  slate-gray  color  that  changes  through  the  addition  of  acid  to  an  intense  Uue. 
In  unsterilixed  nulk,  in  which  lactic-acid  bacteria  develop  at  the  same  time,  a  blue 
color  appears  without  the  addition  of  acid.  On  potatoes  it  forms  yeOowish.  slimy 
cultures,  in  the  neighborhood  d  which  the  substance  of  the  potato  is  colored  giayi»b- 
blue  {Fluqge\ 

Badllys  acM  laetici  fercnents  milk-sugar  into  lactic  acid  and  coagulates  caseia. 
In  gelatin  it  produces  white  cultures. 

Baclllitt  caiKBSlcas  {Dispora  cmirastca)  forms  one  of  the  constituents  of  the* 
ftmgus-congiomerate  known  as  kephir-ferment.  which  is  used  by  the  inhabitants  oi 
the  Caucasus  in  the  preparation,  from,  cow's  milk,  of  the  akoholic  drink  called  krphir. 
The  kephir-ferment  consists  of  small  granules  containing  3reast-ce{k  and  bacilli.  Tbr 
latter  at  times  show  movements,  and  form  a  round  spore  at  the  end  of  each  rod.  A« 
the  result  of  their  gr«>wth  in  milk  the  milk-sugar  is  probably  converted  into  ^neos«- 
while  the  yeast-cells  prodiwe  alcoholic  fermentation. 


ANTHRAX.  589 

Bacillus  pyocyaneus  occurs  occasionally  in  bandages  upon  suppurating  wounds 
and  causes  a  greenish-blue  discoloration  of  the  same.  The  coloring-matter  called 
pijocyanin  is  soluble  in  chloroform  and  crystallizes  from  the  solution  in  long  blue 
iiee<iles.  In  addition  it  forms  also  a  coloring  matter  soluble  in  water  which  produces 
a  greenish  fluorescence  of  the  nutrient  gelatin.     (See  §  163.) 
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lievy:  Die  Aktinomycesgruppe.    Cbl.  f.  Bakt.,  xxvi.,  1899  (Lit.). 
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(b)  The  Pathogenic  Bacilli  and  Polymorphous  Bacteria, 

S  158.  The  Bacillus  anthracis  (Bactendie  du  charhon)  is  the  came  of 
inthraXy  a  disease  occurring  chiefly  iu  cattle  aud  sheep,  and  occasionally 
transmitted  to  man.  It  is  a  fission-fungus  which,  when  inoculated  into 
\  susceptible  animal,  may  increase  within  the  tissues  as  well  as  in  the 
blood. 

The  anthrax-bacilli  (Fig.  451)  are  3  to  10  /*  long  and  1  to  1.5  m 
broad.  In  the  blood  of  animals  aflfected  with  anthrax  thev  occur  either 
•iingly  or  in  thread-like  jointed  bands  of  two  to  ten  rods,  whose  ends  are  for 
the  greater  part  sharply  cut  across  (Figs.  451,  452)  more  rarely  slightly 
concave  or  even  slightly  convex  ( Johne).  According  to  Pianese,  Sera- 
fini,  Giinther,  and  Johne  they  possess  a  gelatinous  capsule  which  is  best 
brought  out  by  the  staining  of  dried  preparations  with  methylene-blue. 
They  can  be  cultivated  upon  blood-serum-gelatin,   in   bouillon,   upon 
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legiuiiiiig  may  show  itself  as  an  extensive,  iutense,  cedematous  swellin;; 
tf  the  tissue  \ritliout  the  formation  of  a  circumscribed  elevation. 

In  the  region  of  a  folly  developed  anthrax-pustule  (Fig.  453),  the 
orimn  (d,  d, )  and  the  papillary  body  (c)  are  infiltrated  with  a  serocellnlar 


•  &^ 


,    p»p  Uiy  body  QtdenuUmn  y  «wo  en  »nd  nB   nted 

.,»,  EA-x-^p  Hnd  badlM:  d.  ouler  layer  ot  miium.  InOlIraUHl  nltb  celli:  d,,  the  mine.  conlalDlns  Blao 
■dlU:  e.drep  layeia  ot  tbenoHum  tnmiralHl  by  lunls  of  oelli:  /.  dermal  liaaue  tnflltrated  with  tttaill 
ad  eeUe;  0.  bloody  eiudatA  nuitalnlOR  bftrllll.  lying  upon  It]«  nurfami  h.  halr-tulUcle :  i.  sweal-i^laod. 

'xudatti  as  well  as  by  bacilli.  The  bacilli  lie  particularly  in  the  outer 
jortions  of  the  corinm  (d,)  and  in  the  papillary  body  (c),  but  may  also 
penetrate  into  the  deeperlayers  of  the  corinm  (/),  In  the  neigbborhoo<l 
>f  the  papillary  body  (c)  the  exudate  is  sanguineous.  Vesicles  filled 
rith  bloody  fluid  result  if  the  exudate  extends  up  to  the  epithelial  cover- 
ug,  and  if  the  deeper  portions  of  the  latter  become  liquefied,  thereby 
permitting  the  lifting-up  of  the  superficial  layers  by  the  exuded  fluid. 
If  the  upper  layers  of  the  skin  are  also  lost,  the  bloody  fluid  containiny 
he  bacilli  (g)  appears  upon  the  snrface. 

The  cellular  infiltration  has  its  seat  chiefly  in  the  corium  (d,  iZ„  c). 
uid  the  impression  is  obtained  as  if  the  great  massing  of  cells  formed  a 
certain  protection  against  the  further  spread 
3f  the  biicilli.  The  cells  which  collect  belong 
Tor  the  greater  part  to  the  polynaclear  leuco- 
pytes  (Fig.  454).  The  bacilli  lie  sometimes 
in,  sometimes  between  the  cells. 

If  an  infection  with  anthrax -spores  takes 
place  in  the  intestinal  canal,  an  event  which 
occurs  most  frequently  in  the  Bmall  intestine, 
!««  often  in  the  stomach  and  large  intestine, 
there  develop  dark-red  or  brownish-red  hfem-  ^^^  __^_^_  ^^ 
orrhagic  foci,  the  size  of  a  lentil  or  bean  or     conuiainff  buiiii. 
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the  eiMirr«.  Li  wciunr  «aiMs»  tihAfr  ei«!SC»  «»f  rim  f«ilii»  uf  tfae  nuneuiMb  i> 
:»wi»LL«Hi  ;iaii  !i;Hi«>r7b£ii£ie.  ;Miii  ifeuir  «»viiiiMiiet^  i>i*  alonghiTig  xu  dhr^  ]»> 
prumiiieuc  ptiT's.  Tb*^  iiLaitiH4ik  ;uiii  ^wihmiii*in»  ;»rfr  inliltiaiaHii  witfi  bi')u. 
iji  rhe  nt'^iHi  oc  rlie  i:<M'i:  du»  Harniaiuiiii^  Xsssbob^  zitr-  <EA»maiC>wg  ai*. 
hypenemii!.  BbuL'i^  ^  ;u^  famiii  in  thi»  ia!»Qi£s»  inidL  in  ;iaf£  aiMoc  rifee^  f«r- 
pa&rai!tziiirlT  in   r]lt^  bit )«»•!-  ;iiuiL  Ivmpii-resBelHv  jod.  tiiej  maiy  a£6«»  l*^ 

Ptiimunr  Liiiur  iniVenuu  msiv  aiS4»  «itfinir  la  man  a»  t^is-  FRSofi:  o^  t> 

Lntiiviiinijhbi^  wiLt>  htk^**^  &>  fazmtile  nfat^  hair  <if  ;Mininilft  duil;  ibMvw  £^  •: 
;wrJirxx:ir^«sp«^i2iiIy«*xp«ii<<H£tii»  i]iiXH!tiiiii:  ami&ilft«lIae■l«-klI04PlLa«^•^ 
mtf'*i^''t  'lijitfim'^  wiUi'iL  ot^tfors  in  mtHi  ;uiii  woiuml  ismpliivs^  in.  tiH-  infti!:.* 
(»t'  r:ifr»  in  pttpftHr-6ift!t<»>n«f^  itc^  in  a  port  oi:  cfae  <2aDe»  niicliin^  mimt  Aml  i^ 
:mr.hrM.x  ini>^rioa.  Tllt^  Hp«»n*s  tuioHi  tntii  t:faii  Inn|S5  in  Che-  le^pomiir 
«iHv««lop  in  Ghe  bniiufhi  >  r'afviy  in  aiwe  [IUih^  )  jiuL[ftIv«e&«  in  cfcie- Ijmpc- 
sptH£«»  of  Che  lunirH  joiL  pLean^  joui  in  die  brtinichial  gfantJK  ami  fum^n^ 
al»u  uiC4>  tilie  v^H'<M»ii<^  Their  trniwth.  eaofivis^  niliainniait»*iy  hjganii  i  h  iz- 
pr»»»?t;siwg&  in  t^he  Innics.  aB>  w«»II  jtf  ieroii8>  bfemiirchagji;  tytrnhiliimg^  xst*^  i> 
pieoTTii  «ftiVTry  ;uuL  rile  ine«inii<rinaL  riisHie.  and  ^fwsllinir^  <if  lAe  hmri- 
.^diAOft&k.  D;  may  oltio  letiii.  ra  the  prrMinetuia  of  oeerr^ciu  foei  in  ithe  faK^ 
ami  in  che  bnMii.'hjiiI  ami  nrrMfheuI  mwetksoL, 

X^ce.  mhbitSv  .<4lit!ep«  hiirsviSk  aa«L  ^^ptuTriws- a£«  vi>Tyj<is»»pc£Us'SOA:- 
t^EuRfcx:  whil3i»  rrU(4w  <L»u7^  ami  AIuf*rian  :i&ifep  an»  Ift»» :iii8impcO^  «r  !l- 
umie^    Carrie  an*  tmiHly  infecti^iL  rhrrjn^ji  the  tafcrnig  in  (ff  die  sp^^o^ 
tn>ni  che  a&inienrury  ifaiml.  bun  an*  IfHe^soneeptibie  Qi  intMtnitiiaiMiL  F^cbi 
ni(>a  of  ^ispucvf*^  kbt^^  u%}^  cake  plai*e  in  the  di»iiu»aniL  ul  Che  bitMiL 


.^istKiTtfinii  rri  3r^»\Hi.  p^namnrw.  K^tyn,  ami  odteDs  dw  ipun-  ohbbbb  «f  i 
prrmipiatiouv  oenrm*  wmea  :» ^sufifncvi  lyi  •iouhie  oiKtnbnine.  rtm  «*3Ka^iiicnin.  ant  c^ 
ttmisnffMRUin.  Diurnit  laamumniin.  nin  nnsner  :»  mpnueti*  dm  Ittctsr  UnunEf  zic 
awmbmoii  <it  die  •imfaiyu^    This  iib«RUe«t  taobr^ri  multipties-  by-  fjxmrniou 

:i¥K%nnmi£.  rnuvamoits  .ire  not  xett  dizmij^miur  riut  »mnre  oanni  or  ikwrfuyiiJiKr' 

rbii  bttctlli  'It  jathiax  ore  *fasly  k:IIe*i  '^v  lutdt  tcmpvn&cuiiB;  'Ii^irmtf;  ami  ^skct 
"htt  •ifHwmpugAtiuii  tii  dm  aunnair  itiid.  T*i«  ^tnes.  <rii  rhv  •ftiiis-  bmub.  jr  icz?^ 
^iibtanr.  40%1  ^nt  ^iMflmure  isuailv  rim  unRtium.  ni  4w  -fprnaAi  -jf  diit  ^Hisamm^ 

muoy  istudiiCiRic  -ttrzunifr  >ji  ^iirattiisK  which  Iftter  .srvnr  mir  iit  rhe  mtibini  m.  ^  ^^ 

Uu^  'vtn»  i^nyii^-vtnitt^.  4uEntiv  UTtuniiftr  oukinu»  tiavmi^  :&  ^ihiiEpiir  uuifiupt:  bvaer 
^^D  bicMMi^NMrtim  it  'iintM-  »  vvmto  .*«jitnxiic 

::?tut>H:uittims  la  '^leiaaa  .tre  -mih*  jjiii  hmmr  ri^e  pmum*  ^jf  frnwtfi  t^cf  9^' 
at  TJisJxt  antiie**^  :njai  'Uts  Hue  <n  imnr^Uiinun  «mt  ntii  diti  •yiftrrir^  pM^r^indhtftraBB:"*-^ 
^iurtmM.     -Vtttr  Uqtnstikctiun  ii  4»  ^rhiUn  t-hey  ««nk  ^i  div  iwrnjon 

A  nmrkcyi  strisinuiaoii  <ii  jorhnuc-iYticBlli  masy  b«  ^nrMhicvt  137-  itaepmc^  ^- 
*ur  roo  minutos  ;*r  :a  "mnpvntnirK  *n  -jo^  L\  i  TmMcnru :  'ir  mit  £fi>Hi  cmiiitiBs-  M  S^ ' 
or  Nir  nwttty  mimitti*<^  ^  jV  <  \    Chawmttu  •,  *ir  tucHiHr  dii?tueh  thv  txaSimaam^d  txfs^ 
UOUfir  ix^gjx  iiKWKuni  v.C%iA*iaB4iu. .     This  iMciiii  ^tunmciKi  b^  oagtoRun  3ir  ;fc  dtfs  :z< 
Ml  hi^h  tBiPp<imtnnat*^  <4ui«aiiv  reygmi  nhnir  rnnittiee:  tfamv  'jmmxmiisi^  «c  ^wir^'= 
[nsmciin?*!'  rnaukin  ^vt3»iietw«i  tor  mux v  ■yagwifiiQtnig> 

T!h»  jUfilttuu  «jt  vstfhviiv  Kuiu  tu  'ijij  autmsnr  titud  in  1  nmpurduiL 'if  t  «!» ?«&-'* 
iHt  fiirriter  *M;vi:i(ipiniim  ii  )!Dfhfn&  «}iM:tUi.  'mr«h^tiiiy»chiiur  wnhaam  vdiaBLC**^- 

^flttU'U  it  THitawMUm  Iju-Uruinnit*   *    i.tM^l  LUM).     This  4ihiituiiL-f£  oaK^iirJKa^i? 
'II  t .  'MM  mmifsm  u  TiK)  smuv  Mine  ^iit*  roiriMntiD  <vf  spvrRs. 

7imi«fii»  laMv  !m  iu  weak£!QtKi  :h«kc  'hey  no  limtfrr  'iiU  irn«  ^t»p.  tiliat  labtti^  *>> 
^itnt»-nig%  yMi  iimily  nucv.     fl  :he  reciip«:niCYtrr^&>  '^upt  ji  rinj  !iisu^t)«ii:iton«tf.  if  *f ' 
hi* .» ^uit  uitiy  ht  <iUimnR!*i  ^n  -jia.  -iayrK  ;it  4C  C  ;t  lar  sw^mm  iiJuur  ^^jt*^  -asj'  •■ 
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flecrcase  the  virulence  to  this  extent  (Koch).  Bv  first  iDoculatiD|f  with  bacilli  which 
\ili  mice  but  are  harmless  for  guinea-pigs,  and  afterward  inoculatmg  with  bacilli  which 
ivill  guinea-pigs  but  not  strong  rabbits,  an  immunity  against  anthrax  may  be  obtained 
a  sheep  and  cattle  but  not  in  the  cai^  of  mice,  guinea-pigs,  and  rabbits.  Such  protec- 
:ive  inoculations  are,  however,  not  of  practical  value,  since,  in  order  to  protect  against 
laturai  infection  with  spores  from  the  intestinal  canal,  such  virulent  inoculation-mate- 
ial  must  be  used  that  a  large  per  cent,  of  sheep  (ten  to  fifteen  per  cent.)  die  from  the 
noculations.  Further,  the  protection  afforded  by  the  inoculations  is  of  very  short 
luration,  and  the  inoculation  must  be  repeated  within  a  year's  time. 

According  to  observations  by  JRtnix  and  Chamberland  anthrax  bacilli  which  are 
cultivated  in  bouillon  to  which  a  small  amount  of  potassium  bichromate  (1 : 2,000)  or 
*arbolic  acid  (1  to  2: 1,000)  haus  been  added,  permanently  lose  their  power  of  spore-forma- 
ion  while  retaining  their  virulence. 

According  to  Koeh,  anthrax -bacilli  may  be  cultivated  in  the  presence  of  abundance 
>f  water  upon  potatoes  and  in  an  alkaline  or  neutral  hay -infusion,  cold  infusions  of  pea- 
itraw,  on  mashed  barley  and  mashed  wheat,  in  the  juice  of  turnips,  on  maize,  legumi- 
lous  seeds,  and  numerous  dead  plants.  Consequently  they  are  able  to  grow  and 
ievelop  outside  of  the  animal  body— for  example,  in  marshy  regions  and  on  river-banks 
R.  Koch),  The  entrance  into  the  animal  bodv  is  to  be  regarded  as  an  accidental  excur- 
don  of  ectogenic  bacilli.  According  to  Soyka  the  development  of  spores  takes  place 
^'ery  quickly  in  a  moist  medium  containing  the  necessary  nutrient  material  at  tempera- 
:ures  above  15°  C.  According  to  Kitt  the  dung  of  cattle  forms  a  nutrient  substratum 
for  the  baciUi. 

True  toxins  or  endotoxins  have  not  yet  been  demonstrated  in  the  case  of  anthrax 
bacilli. 
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^  159.  The  Bacillus  typhi  abdominalis  (Fig.  455X  or  tbe  Baeienam 
lifphiy  is  a  fission  fungus  which  ocears  chiefly  in  the  form  of  plump  nMl> 
2  to  3  At  long,  having  roonded  ends,  and  in  eoltures  growing  also  in  pseado- 
threads.     It  is  regarded  as  the  eanse  of  fyphmd  fever.     When  eicaminf^i 


f^^,r 


Fig.  iSS.  FIG.  4d6. 

Fie.  436i— Tn>b<>kl-l»clDl  from  a  pur«  culture.    Streak-preparaiiiNi  ^metbyteiie-btue).    X  UnH 
FIG.  4m.  -Typliofd4MiilU  wltb  fliMi^lfai.    \  .\ft«r  Bitngv.)     x  \^\ 


alive  in  cultures  it  shows  lively  imlepefuletU  movetneHl^  which  are  atv*«ia- 
plished  by  means  of  flagella  (Fig.  456)  attached  to  the  sides  of  the  M> 
as  well  as  to  their  ends.  The  fliigella  may  be  demonstrated  by  proi»«*r 
staining-methods. 

The  bacilli  gain  entrance  into  the  hunuin  organism  through  tbe  drinkiii;:- 
water  and  food;  though  infection  through  the  lungs  is  not  to  beexclnd*^!. 
According  to  the  results  of  anatomical  investigations,  they  develop  par 
ticularly  in  the  intestinal  wall,  in  the  solitary  and  ftffminated  foUiHen  of  0^' 
stnaU  and  large  intestines,  as  well  as  in  the  mesenteric  lymph-glanfls  and  in 
the  spleen.  In  the  first-named  place  they  cause  an  injkimmatory  infiltratf*** 
of  the  mucosa  and  snb^mneosa  (Fig.  457,  «,,  6,)  which  is  extraonlinarily 
rich  in  cells  and  appears  in  the  form  of  flat  or  somewhat  rounded  *»lev:i^ 
tions  projecting  above  the  inner  surfiice  of  the  intestines.  An  exudation  of 
fibrin  in  the  form  of  threads  may  take  i>1ace  both  on  the  free  surface  ainl 
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in  tbe  deeper  layers.  Occasioually  cellular  iuHtiiuiuntory  foci  of  limited 
extent  al«o  occar  in  the  muscularis  (c,,  d,)  aud  the  sernsii  (c,).  A  part 
(if  the  inliltrat^d  tissue  usually  sloughs  and  is  then  iiitH  off,  so  that  nlceii* 
:ire  formed.  In  other  parts  the  infiltration  may  Iw  altsorlxil  and  the 
sM'elliug  disappear. 

The  mcelling  of  the  lymph-glands,  which  i»  liliewise  caut<ed  by  au  aceii- 
luulation  of  cells  and  fluid,  and  occasionally  of  fibrin,  ends  either  in 
healing  through  the  absorption  of  the  infiltrate  or  may  also  lead  to  a 
]>artial  necrosis  of  tissue.  In  the  spleen  the  pnlp  iu  particular  swells, 
while  its  vessels  are  greatly  dilated  with  blom),  and  tlie  parenchyma  later 
liecomea  crowded  full  of  cells  and  fluid. 

The  baaHi  are  umally  diMributed  tln-oughont  i^hfr  jMitlit  of  llm  body, 
and  it  is  probable  that  the  inflammatory  exudations  in  the  InngH  occur- 
ring at  times  during  the  course  of  typhoid  fever  are  due  in  part  to  an  in- 


Fiii.  (ST-— Trpboid -fev^.  Section  IhrouKh  (be  fOge  u(  ■■wallen  Feypr'x  polrh  'ulcolii'l.  BIsiiiart'b 
Imiwnl.  a,  SlncoHB:  6,  Mibmunna;  e,  miux-ularli  Interoa:  il,  miwcularl"  piirma;  r.  nrmm;  ti,.  (i„c,. 
<li.  ',.  illfferant  laTcrBOl  Ibe  iDMaliiul  w»ll  nhcm-lDS  IntHtntlnn:  /.  loM-tltiiM  <il  eltniltitt  l.lcberkltbii ;  p. 

crease  of  the  bacilli  within  the  lungs.  Tt  should lUways  beborueiu  mind 
Ihat  aspiration -pneumonias  are  of  very  frequent  occurrence  in  the  lungs 
i>f  typhoid  patients,  and  also  that  wjoondai-if  iuftfiium  (cocci)  umy  take 
I'lace  from  the  nlcersandmay  give  rise  to  metastatic  inflammations  in 
ilifl'ei-cnt  tissues.  The  swellings  of  the  mucosa  and  submucosa  and  of  the 
iwrichondrial  tissue,  which  often  occur  in  the  palate,  fhrosit,  and  larynx, 
iire  in  part  the  result  of  the  specific  infection,  and  in  ]mrt  of  s(.'coudar>' 
disease.  Moreover,  typhoid-lracilli  have  beendemonstmtedin  the  blood, 
liver,  gall-bladder,  in  the  rose-spots  of  the  skin,  in  the  kidneys,  central 
■ier\'ous  system, testicles,  in  pleuritic  and  peritoneal  fluids,  in  the  perios- 
I'^nui,  bone- marrow,  etc.,  in  part  by  means  of  themicroscojieandinpart 
l>y  means  of  cultivation.  In  all  of  these  regions  they  may  cause  degen- 
eration and  inflammation,  and  give  rise  to  suppuration,  so  that  the  inflani- 
iiiations  occurring  during  the  course  of  typhoid  fever  owe  their  origin 
sometimes  to  the  dissemination  and  localization  of  the  typhoid-ttaeilli. 
and  sometimes  to  secondary  or  mixed  infections.     The  iKieilli  circulate 
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ill  the  blood  for  about  two  or  three  weeks  and  their  cultivation  from  the 
blood  may  be  employed  as  a  diagnostic  method.  When  tjrphoid  fever 
occors  during  pregnancy  the  typhoid-bacilli  may  pass  into  the  foetus. 

The  typhoid-bacilli  produce  poisons  dinging  to  the  ceOs  {tgpkoioiit), 
and  but  little  is  known  of  their  nature.  The  symptoms  of  the  disease  are 
for  the  greater  part  to  be  referred  to  the  intoxication.  In  the  course  of 
typhoid  fever  there  appear  in  the  blood  certain  bactericidal  substaaces 
which  cause  a  degeneration  of  t>T)hoid-bacilli  (cf.  §  31).  This  may  be 
demonstrated  by  the  fact  that  (Widal-Gruber  reaction),  through  the  ad- 
dition of  serum  from  an  individual  ill  or  convalescent  from  typhoid  fever, 
to  a  bouillon-culture  of  freely  motile  typhoid-bacilli,  the  latter  hecowfi 
motionless,  clump  together  (agglutination),  sink  to  the  bottom  and  die. 
This  reaction  may  be  used  as  a  means  of  diagnosis,  but  is  not  of  absolnti* 
certainty,  since  agglutination  may  be  produced  by  the  serum  of  individ- 
uals who  have  not  had  typhoid  fever,  and  may  be  absent  in  the  case  of 
typhoid.  The  agglutinating  power  can  last  for  years»  but  it  may  alsi» 
vanish  after  a  month  (Krause). 

Individuals  who  have  had  typhoid  fever  may  harbor  the  bacilli  within  their 
bodies  for  years  after  the  attack,  without  showing  any  symptoms  of  infectioD  {**tiipk^ 
earrier$^}.  By  giving  off  the  bacilli  through  their  urine  or  faeces  such  typhoid  carrier^ 
become  an  element  of  danger  to  the  community  in  which  they  live.  ("I^yphoid  Bficilli 
Carriers."    Park,  J.  Amer,  Med.  Assoc.,  1906.) 

The  ty|>hoid-lMcillu8  stains  well  in  cover-glass  preparations,  with  gentian- violet, 
alkaline  me  thy  lene-blue,  and  Bismarck  brown.  It  is  decolorized  by  Gram's  method. 
It  is  difficult  to  demonstrate  it  in  sections  of  hardened  tissues,  since  the  cell-nuclei  ftlso 
take  the  stain,  and  because  the  bacilli  are  not  uniformly  distributed,  but  are  usually 
found  lying  in  the  tissue  in  clumps. 

The  bacillus  may  be  cultivated  upon  nutrient  gelatin,  agar-agar,  and  blood- 
serum,  also  in  milk,  and  upon  potato.  Upon  the  last  named  it  forms  a  coating  which 
can  be  scarcely  recognized  by  the  naked  eye;  but  when  the  surface  is  touched  with  & 
platinum  wire  it  becomes  apparent  that  it  is  covered  with  a  pellicle,  which  on  micro- 
scopic examination  is  shown  to  consist  of  bacilli. 

On  gelatin  and  agar-agar  the  bacilli  form  grayish-white,  irregulariy  shaped,  flat 
growths.  Gelatin  is  not  liquefied.  Milk  in  which  the  bacilli  are  grown  is  not  changed 
externally. 

The  cultures  thrive  at  room-temperature  as  well  as  at  body  tenaperature.  Potato- 
cultures  made  in  the  usual  manner,  when  kept  between  30°  and  4?^  C,  produce  rod< 
which  have  glistening  bodies  in  their  poles.  Gaffky  regarded  these  as  spores,  and  the 
majority  of  authors  formerly  accepted  this  view.  According  to  Bttchner  and  P/M 
however,  these  granules  at  the  poles  are  degeneration  phenomena,  which  occur  par- 
ticularly when  acid  is  present  in  the  culture  medium.  The  polar  granules  repxesent 
condensed  protoplasm,  and  therefore  stain  in  fresh  preparations  more  quickly  with  the 
aniline  dves  than  do  the  other  parts  of  the  cell.  The  clear,  colorless  spots  which  are 
seen  at  tne  ends  of  the  rods  in  aried  and  stained  bacilli  have  been  held  t<o  be  identical 
with  the  polar  granules  and  therefore  regarded  ss  spores,  but  are  due,  according  to 
Buchner,  to  hollow  spaces  formed  at  the  ends  of  the  rods  as  the  result  of  the  retrac- 
tion of  the  protoplasmic  tube  foUowine  the  death  and  drying  of  the  baciUi.  Sp«e- 
formation  has,  therefore,  not  yet  been  demonstrated. 

Cultures  of  typhoid-bacillus  show  few  characteristic  appearances  and  are  with  dif- 
ficulty distinguished  from  those  of  other  bacteria  widely  scattered  in  the  outer  world. 
Likewise  their  properties  are  very  similar  to  those  of  the  BaciUtis  cdi  communif 
(§  160).  Certam  points  of  difference  are  as  follows:  The  typhoid-baciUi  produce  no 
indol,  while  other  similar  bacteria,  such  as  the  BadUus  colif  produce  it,  so  that  bouil- 
lon cultures  become  red  through  the  addition  of  potassium  mtritc  and  sulphuric  acid. 
The  tvphoid-bacillus  produces  no  gas  in  a  two-per-cent  grape-sugar  bouillon,  while  the 
Baciuus  coll  produces  gas.  Finally  typhoid-bacilli  in  milk  cause  a  weak  acidity  but 
no  coagulation,  while  the  BacUlus  coli  will  cause  at  37°  C,  even  in  twenty-four  to  fortr^ 
eight  hours,  a  strong  acidity  and  coagulation  of  the  milk.  When  typhoid  bacilli  are 
grown  on  agar  colored  blue  with  litmus,  the  color  remains  unchan^d,  while  BaciUi^s 
coli  decolorizes  the  blue  nutrient  medium. 

In  moist  earth  {Grancher,  Deschamps),  in  pure  and  impure  water,  tvphoid-bariUi 
may  remain  alive  for  weeks.     In  artificial  Seltzer  water  they  do  not  die  out  for  a 
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longier  period  (HocksUtter).  In  privy  vaults  and  fsecal  masses,  or  in  earth  saturated 
witn  fiBcal  matter  {Finkler,  Uffelmann,  Karlinshi)  they  may  under  certain  conditions 
live  for  weeks  and  months. 

Inoculations  of  the  bacilli  in  the  case  of  the  animals  ordinarily  used  for  experi- 
ment do  not  produce  a  disease  corresponding  to  typhoid  fever  in  man.  Experimental 
investigations  show,  however,  that  the  typnoid-bacilli  produce  active  toxins  (endo- 
toxins?) which  in  large  doses  kill  the  animals,  causing  hypersemia  and  swelling  of  the 
intestinal  follicles,  mesenteric  ^ands,  and  the  spleen.  Cultures  injected  into  the 
tissues  cause  a  local  inflammation  of  greater  or  less  intensity. 

The  value  of  the  agglutination  test  is  but  limited,  since  it  is  hard  to  decide 
whether  the  agglutinating  effect  of  the  serum  is  brought  out  by  the  same  kind  of  bacil- 
lus or  by  a  related  variety.  In  general  the  serum  of  a  patient  agglutinates  the  species 
causing  the  disease  in  a  greater  dilution  than  in  the  case  of  a  related  organism,  but 
there  occur  exceptions  to  this  rule.  According  to  Lubowski  and  Steinberg  the  agglu- 
tinatibility  of  typhoid-bacilli  can  be  easily  increased  in  guinea-pigs  and  rabbits  through 
a  proteus  or  staphylococcus  infection.  Much  more  positive  as  a  diagnostic  method  is 
the  demonstration  of  typhoid-bacilli  in  the  blood  by  means  of  cultures. 

As  paratypliold  fever  there  has  been  differentiated  through  observations  of 
recent  years  a  disease  similar  to  ordinary  typhoid  fever,  but  which  is  caused  by  a 
special  form  of  bacillus  of  which  a  type  A  ana  a  type  B  have  been  described.  Clini- 
cally the  disease  runs  a  lighter  course  than  typhoid  fever  and  rarely  is  fatal.  The 
anatomical  findings  (Langcope  and  Luksch)  are  similar  to  those  of  typhoid  fever,  but 
the  intestinal  changes  are  less  marked  and  ordinarily  confined  to  the  colon.  It  is  pos- 
sible to  make  a  differential  diagnosis  by  means  of  the  Widal  reaction:  yet  it  should 
be  noted  that  paratyphoid  serum  will  agglutinate  also  typhoid-baciUi  to  a  certain 
degree. 

The  imratyphold  bacteria  stand,  as  far  as  their  cultural  characteristics  are  con- 
cerned, between  the  typhoid-bacillus  and  the  Bacillus  coli  communis.  The  roimd, 
smooth-edged  gelatin  colonies  {Kayser)  of  freshlv  cultivated  strains  do  not  show  the 
superficial  vein-like  furrowing.  In  the  type  A  they  are  almost  colorless,  while  in  the 
type  B  they  are  whitish.  Both  consist  of  short  rods  and  are  lively  motile;  they  fer- 
ment sugar  \(ithout  coagulating  milk;  cause  fluorescence  in  neutral-red  media;  grow 
as  blue  colonies  on  the  Drigalskir-Canradi  plates  and  do  not  produce  indol  in  bouillon 
cultures.  Type  A  forms  more  delicate  pellicles  than  B,  and  grows  on  potatoes  in  a 
manner  similar  to  the  bacillus  of  typhoia  fever.  Milk  is  not  changed  by  type  A,  while 
it  is  cleared  (alkaUne)  after  several  weeks  by  type  B. 
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VMMilljfcm^:    LcOvtirv/aiu^kcit  «i.   l'>:>hu^  vu  t'boli'rimunllec. 'n  Faealma»s«^n.     Chi.  i. 
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Wi<ibBUct  9i:Car<l-    Lc  >4.r*»viKi,;iu»>tr.     .\jin.   h*  *  In<^.  Pa.-*fe*ir.  I'iflK'  (Lit.  . 
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long  and  0.3-0.4  ji  thick.  They  are  motile  and  may  possess  as  many  as 
t  xveiity  flagella  on  one  rod.  The  bacilli  grow  at  rooni-tenii)ei'ature  as  well 
as  at  the  temperatui'e  of  the  inenbator.  They  foim  within  the  gelatin 
sinull,  ronnd,  white  colonies;  npon  its  surface  pellicle-like  coatings. 
l^pon  potatoes  they  form  moist  coatings  of  the  yellow  color  of  maize 
iH'  pease  (Giinther),  They  do  not  form  sjioi^es;  and  are  not  stained  by 
O  r-sun's  method. 

The  Baeittm  coU  is  very  similar  to  the  typhoid  bacillus,  but  may  be 
ilitiferentiated  from  it  by  i)roper  methods  of  cultivation  and  by  the  em- 
l>loyment  of  suitable  i-eactions  (cf.  §  159).     It  was  formerly  I'egardecl  as 
i^  harmless  saprophyte  of  the  colon ;  but  from  later  investigations  it  can- 
not be  doubted  that  it  also  possesses  pathogenic  properties  and  may  cause 
fl^^enerations  and  inflammations  in  various  tissues.     Under  suitable  condi- 
t  ions  (perforation  or  incarceration  of  the  intestine,  or  impaction  of  faices) 
it  may  pass  into  the  i)eritoneal  cavity  and  excite  pundent  inflammations, 
or  at  least  take  part  with  other  bacteria  in  the  production  of  inflamma- 
tioii.     Further,  it  not  infrequently  gains  access  to  the  bile-passages  and 
jjCci^ll -bladder,  as  well  as  to  the  descending  urinary  passages  and  the  kid- 
neys, giving  rise  to  inflammations  of  varying  intensity.     The  bacillus 
lias  aLso  been  found  in  the  meningeal  exudate  in  certain  cases  of  sepsis; 
it  has  been  demonsti^ated  also  in  pericarditis,  bronchopneumonia,  stru- 
mitis, angina  of  scarlet-fever,  audit  cannot  be  doubted  that  it  may  be 
tin*  rause  of  the  affections  named. 

The  similarity  between  the  colon-bacillus  and  the  typhoid-bacillus  has  led  various 
authors  to  assume  that  the  two  bacilli  are  only  varieties  of  the  same  species,  and  that 
t  he  two  forms  may  pass  over  into  each  other.  At  the  present  time  the  view  prevails 
tliat  the  two  bacilli  are  to  be  wholly  separated  from  each  other  (§  159).  Moreover,  the 
form  of  bacillus  which  is  described  as  colan-bacUlws  is  not  a  very  distinct  form,  but  rep- 
resents rather  a  group  of  different  varieties.  Three  to  four  days  after  the  inoculation  of 
an  animal  with  colon-bacilli  the  blood-serum  of  the  infected  animal  produces  an  agglu- 
tination of  colon-bacilli  (Jaita),  which  is  most  marked  in  the  case  of  that  variety  whiicli 
was  used  for  the  inoculation.  Colon-bacillus  serum  {Jatta)  agglutinates  typhoid-bacilli 
more  markedly  than  does  normal  blood-serum.  On  the  other  hand,  tvphoid  scrum 
can  agglutinate  different  varieties  of  i*olon-bacilli. 
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Jatta:  Ag^utination  d.  Typhusb.  u.  d.  Organism,  d.  Coligruppe.    Zeitschr.  f.  H^f^ 

32  BdH  1900  (Lit.). 
Xamen:  Aetiologie  der  Winckel'schen  Krankheit  (Bac.  coli).    Beitr.  v.  Ziegler,  siv.. 

1893. 
Xiesalin^:  Das  Bacterium  coli  commune.    Hyg.  Rundschau,  1893. 
de  Klecki:   Pathogenic  de  Tappendicite.    Ann.  de  Tlnst.  Pasteur,  1899. 
Lartigau:  The  Bacillus  Coli  Communis  in  Himian  Infections  (Lit.).    Studies  from  the 

Dept.  of  Path,  of  Columbia  University,  1901-02. 
Lesage  et  ICacaigne:  Virulence  du  bact.  coli.    Arch,  de  m^.  exp.,  iv.,  1892. 
Libman:   Paracolon  Infection.    Jour,  of  Med.  Res.,  1902. 
Longcoi>e:  Paracolon  Infection.    Amer.  Jour,  of  Med.  Sc.,  1902. 
Keiaser:  Unters.  ilb.  d.  Typhusbac.  u.  Bact.  coh.    Zeitschr.  f.  klin.  Med.,  x\%.  1893. 
Oker-Blom:  Eindringen  des  B.  coli  in  die  Darmwand.    (Jbl.  f.  Bakt.,  xv..  18^. 
Pisenti:  Sui  rapporti  del  B.  coli  coUa  infezione  tifosa.    Arch.  p.  le  Sc.  Med.,  xviii,, 

1894. 
Senault:  Du  bact.  coli  comm.  dans  Tinfection  urinaire,  Paris,  1893. 
Rodet  et  Boux:  Bac.  d'Eberth  et  B.  coli.    Arch,  de  m^.  exp..  iv.,  1892. 
Roger:  Toxicity  des  prod,  solubles  du  bact.  coli.    Arch,  de  phys.,  1893. 
Schmidt  u.  Aachoif:   Die  Pyelonephritis  in  anat.  u.  path.  Beziehungu.  die  ursachL 

Bedeutung  d.  Bact.  coli  comm.  f.  d.  Erkrankung  der  Hamwege,  Jena,  1893. 
Stem:   Pathogene  Wirkung  des  Colibacillus.    Deut.  med.  Woch.,  1893. 
Stroebe:  Acute  Leberatrophie.    Beitr.  v.  Ziegler,  xxi.,  1897  (Lit.). 
Trambusti:  Zur  Frage  d.  Identit&t  d.  Bact.  Eberth  u.  d.  Bact.  coli.    Cbl.  f.  allg.  Path., 
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§  161.  Under  the  designation  Bacillus  enteritidis  (Gartner)  there  is 
placed  a  group  of  bacilli  found  in  animals  suffering  with  inflammatious 
of  the  intestine,  lungs,  uterus,  or  udder,  and  with  septicaemia.  When 
gaining  entrance  into  the  human  alimentary  tract  these  bacilli  excite 
more  or  less  severe  inflammations  of  the  intestine  characterized  in  j^rt 
by  swellings  of  the  follicles.  Man  is  infected  by  eating  meat  taken  from 
animals  slaughtered  while  in  a  diseased  condition,  and  such  an  infection 
takes  place  most  often  through  the  meat  of  sick  calves.  Other  sources 
of  infection  (drinking-water,  milk,  fish  that  have  eaten  diseased  meat, 
oysters,  etc)  are  not  excluded.  The  affection  belongs  to  the  group  of 
meat- poisonings  (see  Bac.  botulinus,  §  157)  occurring  in  different  places 
in  the  form  of  local  epidemics. 

The  bacilli  are  vshort,  often  ovoid,  at  times  motile,  and  possess  four  to 
twelve  flagella.  They  are  not  stained  by  Gram's.  They  form  poisons 
that  are  resistant  to  high  temperatures;  and  are  pathogenic  for  mice, 
guinea-pigs,  rabbits,  calves,  and  ai>es.  Injected  into  the  tissue  they  caase 
local  inflammations  and  give  rise  to  hsematogenous  and  lymphogenous 
metastases  in  different  organs.  Their  entrance  into  the  alimentary  tract 
causes  a  gastro-enteritis. 

The  Bacillus  enteritidis  was  first  studied  by  Gdrtner  in  1888  and  recogniied 
as  the  cause  of  the  gastro-Lntestinal  form  of  meat-poisoning.  His  findings  were  con- 
firmed by  the  investigations  of  Van  Ermengem,  Fischer,  Ihirham,  Thomasteny  Petri, 
and  others.  The  bacillus  is  distinguished  from  other  bacilli  such  as  the  Bac.  tyj^h 
Bac,  coli,  etc.,  partly  by  its  cultural  characteristics  and  also  by  the  agglutinating 
action  of  the  serum  of  infected  individuals  or  of  previously  immunized  experimental 
animals.  Surface  colonies  on  gelatin  are  similar  to  those  of  the  colon-baeilfus.  They 
form  no  indol,  do  not  coagulate  milk,  but  cause  it  to  take  tya  a  yellow  color;  thev 
ferment  sugar  with  the  production  of  gas.  The  infection  is  caused  most  often  throu^Ii 
the  consumption  of  the  flesh  or  organs  of  calves  and  cattle  that  have  si^ered  from  the 
various  diseases  designated  as  septicaemia  of  calves,  dysentery,  enteritis,  pneumiv 
enteritis,  and  infectious  inflammation  of  the  intestine. 

According  to  Trautmann,  the  bacteria  of  meat-poisoning  and  the  so-called  paiti- 
tjrphoid  fever  belong  to  the  same  species,  to  which  he  gives  the  name  Bat.  para^ 
typhosus.  The  varieties  of  these  oacilli  can  be  differentiated  only  through  the 
agglutination-test. 
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Meat-intoxlcatloiis  caused  by  the  consumption  of  meat  undergoing  the 
ordinary  putrid  decomposition  caused  by  bacteria  (Proteus,  Bac.  coli)  are  very  rare 
nd  are  not  severe.    This  is  shown  in  the  fact  that  game  and  cheese  are  often  eat- , 
n  in   a  condition   of  decomposition  without  exciting    any  marked  gastro-intestiuai 
isturbances  or  symptoms  of  mtoxication. 
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{Bacillus  ErderUidis.) 

Tan  Ermengem:  Fleischvergiftung.  Handb.  d.  path.  Mikroorg.,  ii.,  Jena,  1903  (Lit.). 
rischer:  Fleiachvergiftungen.     Z.  f.  Hyg.,  39  Bd.,  1901. 
I^&rtiier:  Fleischvergiftungen  in  Frankenhausen.     Bretd.  arztl.  Z.,  1888. 
?rautmaim:  Bac.  d.  Fleischvergiftung  und  des  Paratyphus.  Z.  f.  Hyg.,  45  Bd.,  1903. 

§  162.  The  Bacillus  dysenteriie  is  a  bacillus  described  by  Shi^a, 
i'lexner,  and  Kruse,  and  is  vei-y  probably  the  cause  of  severe  catarrlial, 
liphtheritic,  hsemorrhagic,  and  purulent  inflammations  of  the  colon  that 
xe  classed  with  epidemic  dysentery.  Besides  this  form  of  bacUlary  dyseu- 
ery  there  occur  affections  classed  as  dysentery  that  clinically  and  ana- 
omically  are  very  similar  to  it,  but  are  due  to  other  parasites,  amcehw  in 
)articular,  or  to  chemically  active  substances  (sublimate,  septic  poisons), 
►r  are  induced  by  fsecal  retention. 

The  dysentery  bacillus  is  a  plump,  short  rod,  with  rounded  ends,  often 
omewhat  tapering  off.  They  have  no  iiagella  and  are  non-motile.  They 
ire  easily  stained  by  aniline  dyes  (methylene-blue,  carbol  fuchsin)  and 
>ften  show  polar  staining.  They  are  decolorized  by  Gram's.  On  the 
ordinary  nutrient  media  the  bacillus  grows  best  at  a  temperature  of  37° 
'.,   either  under  aerobic  or  anaerobic  conditions. 

That  inflammations  of  the  intestine  similar  to  dysentery  may  be  produced  by 
tacilii  was  recognized  by  me  as  early  as  1881  and  1882.  In  the  Insane  Asylum  at 
Uieinau  during  an  epidemic  I  found  constantly  the  same  bacillus  in  the  wall  of  the 
hickened  colon.  Cultures  were  not  made,  but  it  is  probable  that  it  was  identical 
dth  the  bacillus  cultivated  and  thoroughly  studied  by  Shiga  and  Kruse, 

According  to  the  American  investigators,  bacillary  dysentery  is  due  to  a  number 
f  types  of  bacilli,  differing  in  their  fermentative  action,  bacteriolytic  and  agglutina- 
ion  tests.  In  the  treatment  of  the  disease  Shiga  recommends  a  polyvalent  serum 
ctive  against  all  types. 
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J'lexner:  Phil.  Med.  Jour.,  1900;  Univ.  of  PenA.  Med.  Bull.,  1901. 
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iientz:  Dysenteric.    Handb.  d.  path.  Mikroorg.,  ii.,  1903  (Lit.). 

Shiga:  Erreger  der  Dysenteric.  C.  f.  B.,  xxiii.,  xxiv.,  1898;  D.  med.  Woch.,  1901; 
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§  163.  The  Bacillus  pyocyaneus  was  first  demonstrated  in  the  pns  of 
tvounds  in  which  it  had  produced  a  bluish-green  discoloration.  It  is 
widely  distributed  throughout  the  outer  world,  being  found  particularly 
n  liquid  manure  and  dung-heaps,  also  in  water,  and  also  occurs  in  the 
ntestinal  contents  of  animals  (swine)  and  of  man. 

The  BaciUus pyocyaneus  forms  rods  of  varying  size  (0.6-1-6  /x).  They 
possess  a  terminal  flagellum.    It  is  decolorized  by  Gram's.     Spores  are 
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not  formed.  It  is  easily  cultivated  upou  the  ordinary  media  and  pn»- 
tluces  ferments  that  liquefy  gelatin,  eoiigulate  milk,  and  break  up  albu- 
min. It  pi*oduet*s  a  pigment,  the  (in  the  presence  of  air)  bfui^-^s 
pifiH\i^tniHf  M'hich  is  soluble  in  chloroform,  and  a  ^r^'^riuA /fuore^riff^  pig- 
ment siiluble  in  water  but  ni>t  in  chloroform  and  which  in  gelatin  cnlt- 
un\s  causi's  the  gi-etMiish  tluoivsc*ence  of  Mie  gelatin.  For  the  majority 
o(  ex|>erimental  animals  it  is  pathogenic,  particularly  for  guineapigs 
and  g( kilts,  and  causes  first  li>cal  inflammation  at  the  seat  of  inocnlatioii 
but  later  may  spi"ead  through  the  blood.  In  bouillon  eoltures  it  foniiN 
lH>th  a  true  toxin  and  an  endotoxin. 

For  man  it  pintift-ititeH  a  limited  pathoffeniciiif.  Nursing  infants  and  ehil- 
di\>n  who  have  recently  had  their  resistance  lowered  by  other  di8ea*> 
are  espeiually  susivptible.  Intestinal  inflammations  are  most  freijnently 
to  be  referrtnl  to  the  BGciiiHs ptfoeyane^Jt,  but  it  may  cause  also  iufjamina- 
tions  of  the  umbilicus,  middle  ear,  localized  inflammations  of  yarioiu 
organs  (endocardium),  and  generalized  infections^ 
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^  ItU,  The  Baclltus  t«taiu  (  Kita^iti^)  u^  a  flutf.  slender  bsitilias  \  Fig. 
4CJ8)  which  i*  widely  distribtited  throagh«>nt  the  smperfleial  layers  of  tbr 
earth*  and  ii!!^ to  be  reganle«l  as  the  causse  «>f  tetanus.  Aeeordiii^  tooh*r- 
vatiou£f^  made  by  ^ie\>Iaier  in  1SS3,  it  is  of  ten  piMgsible  to  produce  in  mi<r- 
guiueapigs  ^^uid  rabbits^  by  meau^  of  subcatanetMu^  ino«MiLiti«>a  <»f  ^<l^• 
face-earthy  a  typical  tetanus  with  fatai  termination,  due  t4>  ^ishoeQlas^ 

It  wafc^  tii"sfc  deuiout«trated  by  Ko^^^nbach  in  1S§H  that  th.is  same  f*>nii 
of  bttctllU2»  in  pret!^ut  in  the  ^seat  of  injury  in  cat$etf  of  tetanis^  in  lua  i^"^* 
lowiug  trauma  or  freezing:  and  thali  when  inoenlated  into  guinRipi^ 
and  mive  it  again  producet^^  tetanos^  Since  that  time  this  diseovm  Iu> 
been  many  time**^  corroborated. 

The  t<etanu2!^-bacil  his  is  anaerobic  and  thriven  venr  well  in  an  armtc'- 
phere  of  hydrogen*  but  not  in  earbonie-aeid  ga&  It*  ^iws  on  m«iiDa-7 
peptA>ue-agar  that  is  slightly  allbiiine,  on  b2ood-«$erum«  ami  in  iiome£< 
gelatin*  The  latter  is  Ijqueded  with  evulutiou  of  gsi&  The  ufMidiMi  *i 
from  1.5  to  3  per  cent.  *;:i-ape-sutcar  to  atrar-a$rar  aL*eeIeraties  the  p^)^h: 
a  temperature  of  3l>*^-:J^^  C  is  mt>8t  faM»rabi**  for  its  developmeiii.  !■ 
lormsloug:,  thin.  brLstIe-sha|)ed  nnfe  which  form  teminal  spares  jF^ 
■15i>)  Jiiviu^  risje  to  a  J^pheriod  swellinir  ac  the  end  of  the  nid  (kni^**^ 
baciili\  In  cuttui'es  it  may  form  long  pbend«>threadK  Thr  colcsr^ 
siive  off  au  offensive  odor;  j^«*latin  is  slowly  liqnelie«L  The  bmMHi  ^fi^ 
by  <;i*Hm's method.     They  are  motile  exirept  dtiriii|^  the  time  o^  -^p^ 
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formation,  aud  i)o«sess  peritrichous  flagella.  Pure  cultures  inoculated 
into  horses,  asses,  guinea-pigs,  mice,  nits,  aud  rabbits  cause  tetanus,  but 
in  the  ease  of  rabbits  hirger  amounts  must  be  injected.  The  tetanic  con- 
tractures begin  in  the  neighborhood  of  the  point  of  inoculation.  Suppura- 
tion does  not  occur  at  the  point  of  inoculation.  The  bacilli  cannot  be 
•lemonstrated  after  the  death  of  the  animal,  and  are 
never  found  in  the  tissues  except  at  the  seat  of  inocula- 
t  ion. 

The  specific  action  of  the  tetanus-bacillus  is  to  be  re- 
ferred to  the  x>roduction  of  a  true  toxin  (tetanus  toxin) 
which  thnmgh  its  haptophore  group    is  bound  to  the 
cells  of  the  nervous  system,  and  thereby  after  a  certain 
period  of  incubation  excites  tetanic  convulsions.     An       yig.  «8.-Tet«- 
antitoxin  is  produced  in  the  bodv  of  man  and  experi-    nus-bRciiiiwithter. 
mentiu  animals  and  by  it  animals  may  be  made  immune    1,000. 
against  tetanus  (see  S  J^-). 

The  infection — ^intoxication — of  man  takes  ])lace  usually  through  the 
luedium  of  small  wounds;  idiopathic  or  rheumatic  tetanus,  which  does 
not  start  from  demonstrable  wounds,  may  arise  through  infection  from 
the  mouth-cavity  and  the  respiratory  tract  (Carbone,  Perrero,  Thalmann). 
A  preexisting  catarrh  favors  the  infection  (Thalmann).  When  taken 
into  the  alimentary  tract  the  i>oisou  l)ecomes  inactive  as  the  result  of 
changes  produced  by  the  digestive  juices  (s<*e  J$  29). 

The  tetanus-bacillus  is  not  found  isolated  either  in  the  earth  or  in  infected 
wounds;  and  inoculations,  therefore,  consist  of  a  mixture  of  bacteria.  Attempts  to 
isolate  the  bacillus  by  means  of  cultures  were  therefore  unsuccessful  with  the  majority 
of  investigators.  In  the  year  1889  KUasato,  in  Koch's  laboratory,  succeeded  in  iso- 
lating the  tetanus-bacillus  by  heating  for  a  half-hour  to  one  hour,  on  the  water-bath, 
at  80°  C.  mixed  cultures  that  had  been  kept  for  several  days  in  the  incubator,  and 
then  plating  the  cultures  in  an  atmosphere  of  hydrogen.  Through  the  heating  the 
bacteria  growing  at  the  same  time  with  the  tetanus-bacilli  were  killed,  while  the  tet- 
anus-bacilli sur\'ived.  Tetanus  toxin  {KUasato)  is  destroyed  by  heating  (65®  C.  and 
over)  for  a  few  minutes  and  by  direct  sunlight  (fifteen  to  eighteen  hours),  and  loses 
aKo  its  virulence  in  a  few  weeks  umler  the  influence  of  diffuse  daylight. 
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§  165.  The  Bacillus  cedematis  malis:ni  ( Vibrum  septique  of  Pasteur)  l> 
an  anaerobic  bacillus  first  carefully  studied  by  B.  Koch.  It  is  present  io 
various  putrefying  substances,  and  its  spores  are  almost  never  absent 
from  eartb  fertilized  by  decomposing  fluids  or  liquid  manure.  The  bacilli 
are  3-3.5  /i  long,  and  1-1.1  /i  broad ;  they  often  form  long  pseudothreads. 
They  resemble  the  anthrax-bacilli,  though  somewhat  more  slender,  are 
rounded  at  the  ends,  and  not  sharply  cut  across.  In  spore-formation  a 
swelling  of  the  rod  takes  place,  as  in  the  case  of  the  BaciRu9  btityrifMS, 
so  that  spindle-  and  tadpole-shaped  forms  arise. 

The  bacillus  is  motile,  and  possesses  flagella  on  the  ends  as  weD  a^ 
on  the  sides.     It  is  not  stained  by  Gram's  method. 

It  grows  in  nutrient  gelatin  as  well  as  in  agar  and  coagulated  blood- 
serum,  but  must  be  introduced  deeply  into  the  medium  and  proteeti^ 
from  the  air.  Nutrient  gelatin  to  which  one  to  two  per  cent,  of  grape- 
sugar  has  been  added  is  an  especially  favorable  medium  (Fliigge). 
Nutrient  gelatin  and  blood-serum  are  liquefied,  the  latter  with  evolution 
of  gas. 

The  bacillus  can  be  easily  obtained  by  sewing  iip  garden-earth  under 
the  skin  of  a  guinea-pig,  care  being  taken  to  prevent  the  access  of  air  to 
the  point  of  inoculation.  The  ensuing  multiplication  of  the  bacteria  ex- 
cites a  progressive  oedematous  swelling  of  the  subcutaneous  tissue.  At 
a  later  stage  the  bacilli  spread  over  the  serous  membranes,  and  involve 
the  spleen  and  other  organs. 

Mice,  guinea-pigs,  horses,  donkeys,  sheep,  swine,  cattle,  and  pigeoiis 
are  susceptible  to  the  bacilli;  rabbits  and  fowls  are  less  susceptible, 
while  rats,  dogs,  and  cats  are  still  less  so. 

According  to  observations  by  Brieger,  Ehrlich,  Chauveau,  Arloinjr. 
and  others,  the  bacilli  of  malignant  cedemamay  also  occasionally  develop 
in  the  human  body,  particularly  when  the  tissues  are  poorly  nourisheil 
and  the  bacilli  through  any  accident — puncture  of  a  h3rpodermic  syringe 
— ^get  into  the  deeper  tissues.  They  excite  gangrenous  processes  associated 
with  hsemorrhagic  cedema  and  gas-production. 

As  the  Bacillus  phleinnones  emphysematosfle  B.  Fraenkel  in  1S92 
described  an  anaerobic  bacillus  staining  with  Gramas  which  in  many 
cases  is  to  be  regarded  as  the  cause  of  phlegmonous  inflammation  asS(>- 
ciated  with  gas-formation.  According  to  Fraenkel  the  bacillus  is  non- 
motile  and  only  exceptionally  forms  spores.  In  cultures  it  forms  gas. 
It  occurs  in  the  external  world  (by  Fraenkel  it  was  demonstrated  upon 
a  splinter  of  wood  with  which  a  man  dying  of  gas-phlegmon  had  been 
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Rounded) ;  and  when  injected  subcntaneously  into  guinea-pigs  or  spar- 
rows produces  a  progressive  gangrenous  process  with  disintegration  of  the 
subcutaneous  tissues  and  muscle,  as  well  as  free  collections  of  fluid  and 
ps.  Intravenous  injection  into  rabbits  and  guinea-pigs  is  followed  by 
:he  formation  of  gas  in  the  internal  organs. 

Gas-phlegmon  in  man  occurs  most  frequently  after  severe  injuries, 
•or  example,  compound  and  complicated  fractures,  but  may  also  proceed 
from  small  wounds.  The  bacillus  is  found  at  times  in  company  with 
)ther  bacteria,  pus-cocci,  colon-bacilli ;  at  other  times  alone  and  may  be 
jresent  in  foci  in  great  numbers.  In  pure  infections  there  occurs  a  pro- 
iuction  of  gas  associated  with  liquefaction  of  the  tissue,  particularly  of 
he  muscles  and  of  the  reticular  connective  tissue. 

It  is  probable  that  this  bacillus  is  identical  with  one  described  by 
Ernst,  Welch,  and  Xuttall  (by  the  latter  as  Bacillus  aerogehes  capsu- 
aim)  as  the  cause  of  "foamy  liver"  {^^SchaunUeber^^)  (Ernst) — that  is, 
vith  a  bacillus  which  is  regarded  as  the  cause  of  gas-formation  in  the 
luman  liver  (Ernst).  The  condition  of  "foamy  organs"  (Schaumorgane) 
probably  arises  (Fraenkel)  from  the  fact  that  the  bacillus  in  question 
Cains  an  entrance  before  death  into  the  tissues,  into  the  liver  in  particu- 
ar.  Fraenkel  has  obtained  his  gas-bacillus  in  pure  cultures  from  foamy 
>rgan8. 

Besides  Fraenkel 's  gas-bacillus  other  bacteria  can  cause  changes  cor- 
t^sponding  to  those  of  gas-phlegmon  and  foamy  organs,  especially  as  the 
•esult  of  a  localization  in  an  already  infected  inflamed  tissue  (lactic-acid- 
)aeilli,  proteus  vulgaris,  and  colon -bacilli). 
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oxa^na-lMicillus  IS  identical  with  the  pneumonia-bacillus,  probably  also  the  bacillus  from 
the  niilk-ffl^ces  of  nurslings  described  as  the  /i^ictenum  lactic  aei-offenes  {EHchench).  It 
IS  possible  that  a  greaU^  etiological  significance  mav  be  attached  to  it  in  so  far  as  the 
on  irm  of  many  diarrh(]?as  is  concerned. 

Literature, 

(Ii(iriIh(H  PtieMwoitUv.) 

A.l>el:   Die  Kapselbacillen.     Handb.  d.  path.  Mikroorg.  iii..  Jena,  1904  (Lit.). 

Smmerich:  Pneumoniekokken  in  der  Zwischendeckfallung.  Fortschr.  d.  Med.,  ii., 
1884. 

r.    Pneumoniekokken.     Zeitschr.  f.  kUn.  Med.,  x.,  xi.:    Deut.  med.   Woch.. 
1886. 
b:  Ueb.  d.  sog.  Bacillus  mucosus  capsulatus.     Zeit.  f.  Hyg.,  xxiii.,  1896  (Lit.). 

Friedlander:  Pneumoniekokken.  Virch.  Arch.,  87  Bd.,  1882;  Fortschr.  d.  Med., 
i..  1883. 

Orimbert:   Pneumobacille  de  Friedlfinder.    Ann.  de  I'lnst.  Pasteur,  1896. 

Sacshs:  Durch  Pneumoniebacillen  verursachte  £rkrankungen  (Prostatitis,  Endocar- 
ditis, Meningitis,  Nephritis).     Z.  f.  Heilk.,  xxiii.,  1902. 

V.  SttQilem:   Bedcutung  des  Bac.  pneumonise.     C.  f.  Bakt.  Orig.,  xxxvi.,  1904. 

Weichselbaum:  L.  c,  §  153;  Von  einer  Otitis  media  suppurativa  ausgthende,  durch 
den  Bacillas  pneumoniae  bedingte  Allgemeininfection.  Monatssdir.  f.  Ohrenheilk.. 
1888. 

Wilde:   Ueber  d.  Bacillus  Friedlander,     Cbl.  f.  Bakt.,  xx.,  1896. 

§  167.  As  the  influenza-bacillus  (Fig.  461j  there  wjis  descTi bed  by 
R.  Pfeiffer,  in  the  year  1892,  a  bacillus  whose  occurrence  in  influenza 
has  been  many  times  couHrmed;  it  is  now  regarded  as  the  cause  of  intiu- 
e.nza.  In  individuals  suffering  from  inHuenza  it  is  found  in  the  catarrh- 
ally  affected  i^espiratory  passages,  occasionally  also  in  the  lungs;  and  the 
small  bronchi  may  contain  enormous  numbers  of  the  bacilli  in  pure  cul- 
ture. It  is  assumed  that  their  multiplication  in  the  respiratory  tract 
gives  rise  to  the  intiammation,  and  that  the  bacilli  produce  poisons, 
which,  when  absorbed,  cause  the  symptoms  characteristic  of  influenza. 
The  bacilli  may  also  pass  into  the  blood  and  become  spread  throughout 
the  body.  The  inflammatory  changes  of  internal  organs  occurring  during 
influenza  are  to  be  referred  in  part  to  the  influenza-bacillus,  in  part  to 
the  poisons  produced  by  them,  and  in  part  to  secondary  infections. 

The  influenza-bacilli  are  very  small,  thin  rods  with  rounded  ends 
fFig.  401),  which  lie  separate  or  joined  together  in  twos.  They  stain 
with  the  ordinary  aniline  dyes,  but  not  by  Gram's  method.  They  may 
be  cultivated  at  the  body-temperature  upon  blood-agar  or  !ipon  agar  that 
has  been  smeared  with  human  or  pigeon  blood 

upon  this  medium  small,  dn»p-like  colonies  as        'r  J^  ^ '^      ^K 
clear   as    water.     According  to  Ghon  and    v.        xJ^f"^^         ^Bui 

r^_  .•  ...     *K„    ..„i...: 4.    ^.^j: .,4. 4...:..     ..i  l^B ^  s.         *  y^'  »* 


or  to  which  milk  has  been  added.     They  form  ^  ^^    ^^^    «^  % 

upon  this  medium  small,  dn»p-like  colonies  as  ^  J^  ^^'ir      i 

clear   as    water.     According  to  Ghon  and    v.  \J^!^'^            ' 

Preiss,  the  nutrient  medium  must  contain  al-  jl^V^'^i^      '•'#    y^ 

bumin.     Spore -format  ion  has  not  been  observed.  *•  f»^*'*/^^  /V  *^* 

In  apes  a  catarrhal  inflammation  of  the  respira-  ^    '^^   j^Hpx^  *''^ 

tory  tract  may  be  produced  by  intratracheal  in-  #^'i^  i'  •^^/''^^^ 

jeetions  of  pure  cultures.  Kabbits  may  he  poi-  "  '*<>**>-  ^  *' 

soned    through    the    incorporation    into    their  fio.    4rti.-  influenza-baciiii 

bodies  ol   cultures;  and  are  an<»cted   m  const*-  unn  (fuciiMUL    /  i,ooi). 
quence  by  a  paralytic  weakening  of  the  muscles 

and  dyspncea.     According  to  ('antani,  the  poison  pn>duced  by  the  bacilli 
exerts  its  effects  particularly  upon  the  central  nervous  system. 
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According  to  investigatioiiB  by  Czaplewski  and  Henad  ("  Bakteriolog.  UntersoeL 
iibcr  Keuchhusten,"  Cen/r6i.  /.  Bak,,  xxii.,  1897)  and  Kojdik  ("  Die  Bakteriolope  de^ 
Keuchhustens/'  Centralbl,  /.  BtUU.j  xxii.,  1897),  there  is  found  in  the  respiratoiy  tmt 
in  whooplng-coiigb  a  small,  non-motile  bflcIOuA  similar  to  the  influen2a-bAdlii]>, 
which  is  thought  to  be  the  cause  of  whooping-cough.  Luzzatto  ("  Zur  Aetiol.  6h 
Keuchhustens,"  Centralbl.  /.  Bakt.,  xxvii.,  1900)  found  in  cases  of  whoopig-coogli 
two  bacilli,  but  was  unable  to  determine  ^ith  certainty  their  pathogenic  significaac^. 
Jochmann  and  Krause  ("Aetiol.  des  Keuchhustens,"  Zeit.  f.  Hyg.,  36  Bd.,  1901;  U 
44,  1903)  found  in  whooping-cough  a  bacillus  resembling  the  influenxar-bacillus  {Bm- 
lu8  pertussis y  Eppendarf);  this  could  be  cultivated  upon  media  containiDg  hsuKr 
globin*  they  regard  it  as  the  cause  of  whooping-cough.  Their  bacillus  is  not  identical 
with  tne  one  described  by  CzapUwski  and  Ilensel,  and  later  also  by  Reyktr  {Jahh.  i. 
Kinderheilk.,  58  Bd.,  1903). 
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§  168.  The  Bacillus  diphtherias  (Fig.  462)  was  first  thoroaghly 
studied  by  Loffler ;  it  is  found  in  the  croupous  membrane  occraring  in 
diphtheria,  and  is  regarded  as  the  cause  of  this  disease.  In  the  internal 
organs,  as  the  spleen  and  lymph-glands,  it  is  either  entirely  abseot  or 
present  in  such  slight  numbers  that  it  can  be  demonstrated  only  by 
methods  of  cultivation. 

The  bacilli  are  1.5-3  /i  long,  and  are  often  somewhat  swollen  at  tk 
ends.  In  cultures  they  form  rods  of  varying  length  (Fig.  462),  theend> 
of  which  are  often  clubbed  or  pointed.  When  stained  the  bacilli  appear 
spotted  or  granular.  They  stain  best  in  a  staining-solution  composed  of 
30  C.C.  of  concentrated  alcoholic  methylene-blue  solution  in  100  c.e,  of 
0.0001  per  cent,  potassium  hydroxide  solution,  after  which  the  section?- 
are  treated  for  a  few  seconds  in  a  0.5-per-cent.  solution  of  acetic  ariti 
and  then  with  alcohol.  In  stained  preparations  the  bacilli  often  appear 
segmented.  They  also  stain  by  Gram's  method,  provided  the  treatment 
with  Lugol's  solution  and  alcohol  is  of  brief  duration. 

Diphtheria-bacilli  grow  best  in  the  presence  of  air  (Loffler)  on  a  mix- 
ture of  three  parts  of  calf's  or  sheep's  serum,  and  one  i>art  of  neutoli«" 
veal-bouillon,  to  which  one  per  cent,  of  peptone,  one  per  cent,  of  jrniF 
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snjrar,  and  0.5  i)er  cent,  of  coinniou  salt  are  added;  or  upon  blood -seram 
anil  sigar-agar  with  an  addition  of  ten  per  cent,  glycerin  or  of  sugar-con- 
taining bouillon  (Kolisko,  Paltauf,  Kitasato). 
^  They  form  grayish- white  colonies.  For  their  de- 
velopment  they  need  a  temi)erature  above  20°  C. ; 
"\^>^^  they  grow  best  at  33°-37°  C.     They  are  resistant 

^s^^'^P^     St  to  drying;  but  may  be  quickly  killed  by  moist 

*'  •        heat.     Spore-formation  has  not  been  observed. 
^  \  Guinea-pigs  inoculated  mibcvianeoudy  with   cul 
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-  ^-  tures  of  diphtheria-bacilli  die  in  two  to  three  days 

'**^      -^  ^^         (Loftier,   Boux,  Yersin);  whitish  deposits  and  a 

%  ^  ^w        hsemorrhagic  oedema  are  found  at  the  point  of  the 

Fi«.  4ts.-Diphtiieii».ba-     iuoculatiou.     The  inoculatiou-arca  coutains  bacilli, 

sf^atpJiiimK  rmSkT-     **^®  internal  organs,  on  the  contrary,  are  free.     The 

ieoe-biuo).   X  i,ouo.  introduction  of  cultures  into  the  opened  trachea  of 

rabbits,  chickens,  and  pigeons,  as  well  as  the  inoc- 
ulation of  the  conjunctiva  of  rabbits  and  the  vagina  of  guinea-pigs  is  followed 
by  an  inflammation  with  the  formation  of  a  pseudomembmne.  Sheep, 
hoi-ses,  cats,  dogs,  cows,  rabbits,  and  pigeons  are  susceptible  to  subcu- 
tanecms  inoculation.     Kats  and  white  mice  are  nearly  immune. 

Roux,  Yei-sin,  Loffler,  Spronck,  and  othei-s  observed  the  later  appear- 
ance of  paralysis  in  pigeons  and  guinea-pigs  surviving  the  inoculation. 
Koux  and  Yersin  assert  that  the  intravenous  in jection  of  filtered  bouillon- 
cultures  frt»e  from  bacteria  will  cause  in  guinea-pigs  and  rabbits  after  two 
to  thi-ee  days  a  severe  illness  characterized  by  paralysis  and  fatal  termi- 
nation. 

The  virulence  of  the  cultures  varies  greatly.  Diphtheria  bacilli  pro- 
iluce  in  the  human  body  and  also  in  cultures  toxins*  which  may  be  pre- 
cipitated by  alcohol  and  obtained  as  a  whitish  powder. 

Water-solutions  of  the  poison  injected  subcutaneously  into  animals 
cause  local  tissue-necrosis,  ha^morrhagic  oedema,  and  inflammation ;  when 
taken  up  into  the  body-juices  they  give  rise  to  pleural  effusions,  nephri- 
tis, fatty  degeneration  of  the  liver,  and  paralysis. 

Diphtheria  in  man  is  characterized  by  an  inflammation  involving  usu- 
ally the  mucous  membrane  of  the  pharynx,  palate,  arch  of  the  palate, 
and  upper  respiratory  passages.  It  appears  as  a  febrile  infectious  dis- 
ease associated  with  symptoms  of  intoxication  and  gives  rise  to  local  croupous 
exudations,  in  part  also  to  diphtheritic  slougMngs  (cf.  §  91,  Pigs.  199, 
>00).  The  croupous  membranes  constitute  the  most  striking  feature  of 
the  disease ;  they  are  found  in  the  throat  and  nose  usually  in  the  form  of 
circumscribed  flat  patches,  more  rarely  uniformly  spread  over  larger 
areas;  or,  on  the  other  hand,  they  may  form  a  continuous  layer  lining 
the  larynx  and  trachea,  or  even  the  bronchi.  Beneath  the  croupous 
membrane  the  epithelium  is  for  the  greater  part  last ;  and  the  connective 
tissue  of  the  mucosa  is  hypersemic,  infiltrated,  and  swollen  (Fig.  199). 
lu  severe  cases  the  superficial  layera  of  the  connective  tissue  are  necrotic 
in  places,  most  frequently  in  the  tonsils,  which  are  more  or  less,  often 
markedly,  swollen.  Of  the  deex)er  tissues  the  neighboring  cervical 
^ymph-^lands  in  particular  are  swollen,  and  often  show,  when  examined 
microscopically,  small  foci  of  necrosis  and  degeneration.  Of  the  inter- 
nal organs  the  kidneys  especially  are  accustomed  to  show  changes,  in  the 
form  of  a  more  or  less  severe  fatty  degeneration  of  the  epithelium  and 
of  the  cells  of  the  capillary  walls;  not  infrequently  they  also  present 
swellings  and  focal  areas  of  small-celled  infiltration.     In  the  spleen 
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tJu^'f'arf  frf^|iif fitly  found  areas  of  6e;xmtJLMMm  ia  *he  Mhh9^z\t\<rinn^ 
UAlU'UfH,  ill  which  the  oeUs  are  more  ftt  le^  Mcixggd,  in  part  diMDtf* 
trmied  aiKl  have  loKt  their  nocki.  In  tke  l^or^  mamy  of  the  leiie<H7i#N 
tslMiir  fatty  de^eoeratioii.  Degenerative  fhinnrr  aad  arr^  of  inflamnm- 
ti'>o  are  not  infrequently  found  in  tbe  heart-msacieL  Fualys^  aiv 
esuMHHi  by  defeneration  and  nf^roKis  •  Kalz  *4  tht  pu^^tion-eeUs  of  tln- 
nerJuUa  oblongata  and  of  the  Kpinal  cord  aad  of  tke  eorrespondii^' 
neneH. 

The  ]uiip<  are  not  demonstrably  efaaoged  liy  tiie  diphtheria  poisiib 
but  bniuehopueamonia,  due  to  the  axpiralioD  of  irritatin<r  bniDdiiiu 
i)finf  tf^ntM  or  to  an  extension  of  the  broncliial  inllaKmation  to  the  ivsp: 
rutorv'  parenehynia,  in  of  frequent  oecurrenre. 

The  local  infiammaUowi  oftke  murom*  mternhmm  as  vdl  as  the  xymp- 
tuntM  of  iniajtimtkm  may  he  eatuied  by  the  dipkAnim  hmiOi  mmi  their  toxiiu 
aUme ;  but  it  niURt  lie  noted  that  gtreptceoeei  ^re  almoi^  regularly  pre> 
ant  in  the  diM«4iMM3  area,  and  that  a  pmre  Mrrptoearrmt  ta/MiVm  ma} 
prhNent  the  eliuical  and  anatomical  picture  of  a  ^ diphtheria.'^  W]mm> 
both  liaeleria  are  ]ireflent  the  injurious  effect  of  one  maybe  suppl* 
meiited  l>y  liiat  <»f  the  other,  and  the  pra^enee  of  :^reptoeoeci  apjiearshi 
inenniMe  the  virulence  of  the  bacillL  In  severe  forms  of  diphthmi 
atre|it4KMHM*i  are  UKually  present  in  great*  numben^:  yet  every  streptoitr 
CUM  infty«tion  does  not  warrant  a  bad  prognosis,  since  the  virulence  of  \h- 
oo(M*i  varien  greatly. 

lu  the  CHiurw*  of  the  infection  with  diphtheria  bacilli  there  arise  in  tin 
body  aniUcjrimM^  which  nullify  the  poisonous  action  of  the  toxins,  and  ai<i 
and  make  ]KMsible  recovery  from  the  disease.  The  formation  of  anti 
toxiiiM  follows  the  inoculation  of  animals  with  attenuated  bacilli,  and 
n]Min  this  rests  the  jHissibility  of  olvtaining  from  animals  (, sheep,  horse^*. 
that  have  tieen  repeatedly  inoculated  with  bacilli  of  increasing  vimlemv. 
a  aerum  which  (Hintains  an  antitoxin  of  value  for  therapeutic  pnrpor«^ 
(cf,  gaiM, 

Likmmnn  joid  Xrummmn  esJl  the  dipfatheriA-bacillas  corunebaeterium  on  acooimt  f<f 
the  rlut»-telm)itHt  a}^K^aI»noe  of  the  roos.  Since  the  barilu  can  also  fonn  brtmck'n-: 
tkruuh  in  rull  ufBi^  tliey  clai»  it  with  the  kyphomycetes,  among  which  the  tuberrle-b^il- 
hu  uuil  the  funf^  of  actinomyoes  (o<>spora)  are  also  classed  by  them  and  others. 

LkHUh  dtatincuUhozi  different  kinds  of  poisons  produced  by  the  diphtbem-bafil* 
lu»,  namt^y,  Nu-iiui  and  l(U>m«.  tliefie  again  representing  no  bodies  of  definite  unity.  N 
Itixuikiug  \\\\  into  aex'eral  KUbdi vinous  (prototozin,  deuterotoxin,  and  tntotoxin)  vhidi 
ara  tluttufiviwkitxl  by  the  different  degSrees  of  avidity  with  which  they  unite  with  the 
aiititiivm.  The  t*»\m  pnKluceai  the  typical  picture  of  the  disease,  while  tbe  toxoa 
CAU!M<>  tbr  utivi^>>iuptittnv  marasmus  and  pare^«s.  The  toxon  shows  a  less  affiniTV 
fur  xUin  auiitovm. 

A^  a  K'UihI  diMT  (kf  t)H'  tiii^tlieria  poisan  Ehrltck  desi^iates  that  amount  of  tlv 
ptrtMiii  ^ huh  k'.  suthcieut  tt» kill  m 4-o  days  a  guinea-pig  weighing  250  gm.  As » n«Tf- 
iu;il  |HiisKm  <^'«i  iiSvArt^  vlrMisiiatt^  a  <c4utioii  of  the  poison  which  contains  one  b^ 
dn'd  h'thal  diwtv^  jH»r  c,c.  A  sim^»U  ktaiing  9erum  trr  a  vnii  of  the  antUoxin,  thai  f*. 
twir  imiMUH^v  unti  yX.-h.  >  lh  \>i»r.  1  r.r.  of  which  will  neutralise  1  c.c.  of  the  m>nnii 

V*voi\hufi  to  It'fitr^  rvm  H*'fmamn,  Rous,  Yersin,  Babes,  and  others  there  ii» 
\v\\  lixHiiuum  ivTX'Mi^nf  in  tl>e  n>t*uth  and  throat  bacilli,  which  are  often  desagM^j'' 
IMUdll-MpllUMCia  tooML  These  Ramble  the  true  bacilli  of  diphtheria  and  can  N 
ili>lmtfuuh(Ht  tnmi  tht'Ui  itfiK*  in  cuhures.  Since  the  diphtheria-bacilli  can  la*  tijrff 
\in4h'iuv.  u  iM  Uk\\  uu}HVi>)hie  v^-'»tJf.  Yr^in)  that  both  baciUi  represent  varietin  << 
lh<*  MUio  «»)HMiv«.  /ttfV'tM/' >9rsvv  vlistinguishes  four  forms  as  belonging  to  the  01M* 
nl  t«iiMu>h.u(ou.r    C  »'yH»tK»c(t'um  (vmmume {B,  pKuda^iphiherxeum)^  C ,  di^ahr^^ 
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^  169.  The  bacillus  of  bubooic  plague  (Bacillus  pestis)  v^  dis- 
covered in  1894  by  Kitasato  aud  Yersiii,  of  the  Japanese  and  French  com- 
mission, mrhile  investigating  an  epidemic  which  had  broken  out  inHon^- 
Kong.  The  pest-bacillus  is  a  small  rod  with  rounded  ends  (resembling 
the  bacillus  of  chicken-cholera).  It  stains  easily  with  aniline  dyes»  es- 
pecially well  with  methylene-blue,  and  in  i>art  shows  an  exquisite  polar 
staining  (Fig.  463).  It  is  decolorized  by  Gram*s  method.  It  is  foaud 
in  all  cases  of  plague,  in  especial  abundance  in  the  swollen  lymph-glands 
but  also  in  the  spleen  and  blood.  It  may  be  cultivated  upon  the  varioa> 
media,  and  forms  bluish-gray  colonies,  which  contain  rods  of  various 
lengths.  It  multiplies  abundantly  in  bouillon  containing  sugar,  antl 
forms  toxins.  Independent  movements  have  not  been  observed.  Sports 
are  not  formed.  The  bacilli  are  easily  killed  by  warming,  but  an^  able 
to  withstand  drying  well. 

The  bMbonie  pla^uey  which  destroyed  great  numbers  of  the  inhabitaDts 
of  Europe,  at  the  close  of  the  seventeenth  and  b^inning  of  the  eigh- 
teenth centuries  ("^^ Black  Death''),  has  since  1720  almost  disappeami 
from  Europe  and  has  shown  itself  only  here  and  there  in  Eastern  Earopr. 
In  different  countries  of  Asia  (Yunnan  in  China,  Ar^&bia,  Mes'opotamia*. 
and  in  the  interior  of  Africa  (Koch)  the  disease  seems  to  be  endemic, 
and  spreads  from  time  to  time  in  the  same  manner  as  cholera. 

Man  is  infected  usually  through  the  skin,  more  rarely  from  the  mu 
cons  membrane  of  the  mouth,  nose,  throat,  and  conjunctiva,  still  more 
rarely  from  the  deeper  parts  of  the  respiratory  tract,  althou^  eases  <rf 
primary  pest-bronchitis  and  pest-pneumonia  occur.  Small  wounds  osa 
ally  form  the  avenue  of  entrance  in  the  skin,  but  it  appears  (Albmbt 
and  Ghon)  that  a  violent  rubbing  of  an  area  of  the  skin  with  iiifect<^i 
fingers  or  clothing  may  be  sufficient  to  bring  about  an  infection. 

The  bacilli  ai*o  taken  up  by  the  lymph- vessels  and  taken  to  il^ 
r^onal  lifmph-glnndH^  w  here  they  cause  a  very  marked  swelUng  of  thf 
infected  gland  or  group  of  glands — the  primary  hubo.  Through  the  in- 
fection of  lymph-glands  situated  farther 

along  the  lymph-system  there  arise  jprt-  *^  \  ♦  ^  >^  M//^ 
tnary  buboes  of  the  second  clasSy  and  by  ^    ^^        ^^p     ^  - 

metastasis  through  the  blood-stream  •  ^Wv'  **  *—i  ^^ 
secondary  buboes  are  formed.     Theplague         ^  ^  *%y  "^^^^  ^ 

is  thus  characterized  in  the  first  place  by        ^      K^^  ^  ^*^      \* * 
an  acute  polyadenitis.     Since  the  x>oisons  ♦"V»^         ***^     'J 

which  are  in  association  with  the  bodies  ^  *  #  ^-»  '«^«.  ^J  « 
of  the  pest-bacilli  exert  a  degenerative  ^*  ^  ^  ^'  '*jV 
and  necrotic  effect  upon  the  vessel-walls^  ^**^  m  g  ^Rw  «•    ^\ 

numerous  hannorrhaffes  are  also  caused^       %^   ^    ^  —  ^^    ^  ^ 
and  these  are  absent  only  in  rare  cases^  "*       ^        m^i^    ^ 

To  these  changes  there  are  also  added     ^-  4«.-mw»  tmam  (tudBiii).  ^  s* 
circumscribed  foci  in  the  spleen,  liver, 
kidneys,  lungs,  skin,  etc.     With  the  exception,  therefore,  of  th««e  rJ?** 
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in  which  the  pest-infoction  s  coutiued  to  the  primary  bubo,  the  disease 
is  to  be  regarded  as  a  general  infection  ( Albrecht  and  Ghon),  which  arises 
from  the  tHking-iip  oi  bacteria  from  a  primary  focus  of  infection,  and 
runs  its  course  with  the  clinical  picture  of  a  polyadenitis  and  a  severe 
hcenwrrhOrgic  septicwmia. 

The  individual  foci  are  characterized  by  tissue -necroses  of  the  nature 
of  coagulation-necrosis  (Albrecht  and  Ghon),  as  well  as  by  severe  exuda- 
tions, inflanunation,  and  hcemorrhage,  and  are  caused  by  the  presence  of 
extraordinarily  large  numbers  of  bacilli.  The  lymph-glands  of  the  pri- 
mary bubo  show  either  wholly  or  for  the  chief  part  the  appearance  of 
hiemorrhagic  infarction,  and  are  swollen  and  of  a  medullary  consistence. 
After  the  course  of  a  few  days  they  also  show  yellow  necrotic  areas  which 
later  undergo  liquefaction.  When  the  disease  has  lasted  longer  than  six 
days,  the  liquefaction  of  the  lymph-glands  may  take  on  the  character  of 
a  suppuration. 

The  tissues  in  the  neighborhood  of  the  lymph -gland  are  always  more 
or  less  oedematously  swollen,  infiltrated  with  blood ;  and  hemorrhages 
are  also  found  in  the  walls  of  the  neighboring  large  veins. 

The  secondary  inflammations  of  the  lymph-glands  and  of  the  lymi)h- 
adenoid  tissue  of  the  mouth  and  throat  do  not  usually  C'ause  such  a 
marked  degree  of  swelling  as  do  the  primary ;  they  resemble  the  medul- 
lary swelling  occurring  in  typhoid  fever.  The  surrounding  tissues  are 
also  less  changed,  but  if  the  process  be  prolonged  the  picture  comes  to 
resemble  that  of  the  primary  buboes. 

The  spleen  of  plague-patients  is  somewhat  swollen,  dark  red,  finely 
granular,  shagreened  (Albrecht  and  Ghon),  and  often  contains  small 
necrotic  foci,  which  are  caused  by  the  development  of  the  bacilli  in  great 
numbers. 

In  the  glandular  organs  and  in  the  skin,  there  occur,  besides  haemor- 
rhages, also  necrotic  areas  and  exudative  inflammations,  all  due  to  the 
presence  of  bacilli.  In  the  lungs  there  may  occur,  in  addition  to  the 
primary  pest-bronchopneumonia,  secondary  metastatic  foc^il  inflamma- 
tions and  aspiration-bronchopneumonias. 

The  majority  of  individuals  infected  with  pest  die  within  the  first 
eight  days,  but  others  may  live  several  weeks  and  then  die  of  maras- 
mus. 

iTot  infrequently  secondary  infections,  particularly  of  streptococci  and 
diplococci,  are  associated  with  the  pest-infection.  They  arise  chiefly  in 
the  tonsils  and  follicular  glands  of  the  tongue  following  the  changes 
caused  by  the  pest-bacilli  (Albrecht  and  Ghon). 

Among  animals,  rats,  mice,  apes,  and  cats  are  especially  susceptible  to 
pest;  and  in  these,  particularly  in  rats,  spontaneous  infections  occur,  so 
that  they  may  aid  in  the  spread  of  epidemics.  Swine  and  dogs  are  less 
susceptible,  birds  still  less  so. 

The  changes  in  infected  animals  agree  in  general  with  those  observed 
in  man.  The  infection  may  remain  local  or  become  general.  After  the 
lymphadenitis  and  the  multiple  haemorrhages  there  arise  also  miliary, 
tubercle-like  foci  in  the  spleen,  liver,  and  lungs.  The  course  is  usually 
licute,  rarely  chronic.  In  the  latter  case  the  larger  necrotic  foci  may  be 
encapsulated  by  connective  tissue.  The  animals  are  easily  infected  from 
the  skin,  as  well  as  from  the  mucous  membranes  of  the  intestinal  and 
respiratory  tracts;  and  such  infection  may  take  place  from  an  uninjured 
mucous  membrane.  The  inoculation  of  one  mouse  confined  in  a  cage 
with  other  mice  may  give  rise  to  a  cage-epidemic  (Schottelius). 
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Attempts  to  immnnisg  auimttU  itfni  rttan  m^airui  pewt  bf  mtans  f^iemiand  fftf^Hnn'-* 
f»tnt^daeiHi  have  N*«mi  manr  timt;^  cauTV'«l  «>uC,  especttUj  br  Terua,  Mffk»m^  acii  L  - 
tiif  :  ami  bure  b«vB  »iux'eSKful  io  so  h^  XlmX  tiKieBtSv  biirwsw  and  apes  have  be«A  r**? 
ik*rv<l  ininiiLUie  a^ost  iiHMmlatiuos  oCberw ve  fiibU.  Acroitim^  to  tike  xepoft»  of  «ur& 
:it tempts  iu  miin.  a  »niail«fr  per  cenL  of  iD<JCQlati*d  ladiTidiufcls  acqam  Ibe  dBttfaBt**  tim 
t>r'  thi«e  not  in«H*utatiHl:  bnfi  doubC  is  timiwn  ap«)a  tfee  molts  of  these  inaralariijck?  b? 
v»th*'r  ttUtUt>rs  {HitUrK  Further,  attempt*  «tt  imimmnizatitfn  avtd  ht^tUmff  hmm  bten  ftt^' 
i't  ffft/i,  tritk  thif  m>r*nn,  iff  animals  ithirh  h»t<rif  A^»  nmdrreii  ima^ttrnf,  putamlaHT  i^' 
biirse^  V  y*  ntia,  LftMii/\ :  and  differe&t  authors  ascribe  to  soch  amtm  a  favoiahk*  ioi!.- 

Sf /<•/(/  f  tlttfervDtiatt'H  the  folio  wins:  forms  of  pest  aL*t*onfiii^  to  the  first  looJiEiriiMi 
i>f  tljc  l)iu.-ilii:  U>  Bulxmir  plague  (the  most  eommoa  form*:  (^)  the  eiifeBK«His  for: 
tt'ortuHtioa  of  resk^Ies  astl  ulcers  or  fmranele^&e  tntiitmmatipns) :  (3)  the  ^rnhnt'imrj 
torm:  (4)  the  intestiaal  form. 

Tlirou^  the  investi^tions  of  Duer^y,  Krufting,  and  Patenen  frf.  Pflterws.  **rfcia 
MoUc."  -l'-'-^.  ;'.  Derm,,  x?dA.,  l>94:  ?ia.x-,  l^t^,  and  Btib€it,  **  Hiizidbueh  tL  pathoe  iE- 
kroiyry:./'  III..  L9lXii  it  b>  probable  that  the  tUcmt  moUt  or  .w/f  chanen  is  estase«i  Kr  i 
baeiUu^v.  Tomaacsewski  i."  Der  Errefser  des  Ulcus,"  Z.  f.  Hyg^  -ti  Bd_  l9t)o  >  ha^s^ifm^^- 
:>t rated  through.  :$elf<-ioocuiarion  thi&t  a  typical  ulcus  moUe  can  be  produce*!  with  adna^s 
\irvys  IX  upoabiood-o^r  or  blood.  The  bacillus  is  mmHmicile.  does  doc  ^cain  with  rimD\ 
and  olftea  foniis  ehauosv  (See  aliio  *^M.>bMervaHons  oa  the  Distribuciua  and  i.'niraie  a 
rhe  Chancroid  Bacillus,"  by  Lktrfs,  Jour,  of  MetL  Bbs.,  19«2^ 

S>me  xeaiH  a«o  ikmarelli  ^*Sur  la  tiivre  jaune/'  Afuu  dm  rinst.  Paatew,  l5SJ7: 
Cent.  }.  Bitkt,,  \ii.  <  described  as  the  cause  of  5«ftv«r  Irvcr  a  baciUus  whow  pryper- 
rien  he  sought  to  determine  by  means  of  culture-esperuneats  and  animidrinocuiadnc^. 
He  12^  St  ill  of  the  opiiiioa  that  his  Bacillua  icteroidea  i^  the  cause  <si  yeilow^  fever  "Zu 
Lehre  vom  ^Iben  Fieber"  Chi.  j.  BakL,  xxvii..  t9Ul)>.  and  reports  ftivniafaihr  .rf  tar 
^►rotective  and  curative  effei'ts  ("  filxper.  sur  Temphn  4vl  denim,  euratif  er  pn^reacf 
Je  Ui  tievre  jaune/'  Ann,  de  I'ltuti.  ruateiAr.  IS^,  of  his  dermn  ubtamed  oom  Tae- 
ctnate\l  aounal^  uiojes  htir<es«  cattle '.  Frt^in  ^''  Man.  :§ur  la  ba£fenolo|Eiev  pathiaepfije 
et  traitemeut  «ie  la  rtevre  jaune/'  Rio  de  Janeiro.  IMBK.  Chi.  f.  flaifef,.  .xxvr.  •  'lO  ra? 
•jther  hand  oppt)sies  enerjaptictiily  the  corrwtness  of  Sanarelli'^  views,  and  ynnint^un^ 
f  hat  t he  eau^e  of  yellow  fever  is  a  coccus  earlier  lieswribeti  by  him,  which  l»  ealfr  th< 
M  tcrfHfK'cu»  xunlhtMfvnicus,  Bondt  ("^tiologie  und  ParhoiBEnese  des  gplben.  Fieher*." 
Z.  f.  IJff^.,  40  Bd..  UMM  I  favors  the  pathoeenie  :flgniiieance  ot  rhe  Smiarefll  bmnll^'^. 
It  is>  very  probable  that  ueirher  SanateUi's  bacilliu*  nor  the  coeeus  descztbe«i  by  Fretr* 
luuvauy  etiolojucical  relationship  to  yellow  fever.  It  is  much  more  likely  char  cfae  qsim. 
will  Ih)  found  among:  the  protoaoa.  ^>ince  rhe  parhuioenesis  of irreifpomis"  mure  to  that  • ' 
malaria  iiud  infection  with  trypanosomes.  (See  the?*e.j  Other  writers  ._V.n^  wc- 
^^  that  tiie  etiuloi^ical  ageut  oi  yellow  fever  may  be  found  to  belong  tu  the  spinOa. 
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MarkI:  PfHttoxine.     Chi.  \\  Bakt..  \.\iv..  18«». 
Metechnikoff:  La  r^isit-  lml>i»nique.     .Van.  tie  Tlnsi.  PteU-ur,  1H©T. 
XuUar  u.  Bbch.   Die  P#>>1.  AVieu,  IMJO. 
Netfcer    Le  mitruUe  dt?  la  i»t?sle.     Artiu  de  mvd.  fxp  .  IIHiOi  L'.t 
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Nuttall  u  KoUe:  Die  Insekten  bei  der  Pest.     Cbl.  f.  Bakt.  xxii.,  1897. 

Sata:  Aetiologie  u.  Anat.  d.  Pest.     Arch.  f.  Hy?..  37.  89  Bd.,  1900,  1901. 

Scheube:  Pest.    Eulenb.  Realencykloj).,  1897*;  Die  Krankheiten  d.  warmen  L&nder, 

Jena,  1903. 
Schottelius:  Die  Bubonenpest  id  Bombay.    Hygien.  Uundschau.  1901. 
Simond:  La  propagation  de  la  pestc.     Ann.  de  I'lnst.  Pasteur.  1898. 
WysBOkowitz  ct  Zabolotny :  Rech.  sur  la  peste.     Ann.  de  Tlnst.  Pasteur,  1897. 
Tamagiva:  Die  Bubonenpest.     Vircli.  Arch.,  149  Bd.,  Suppl.,  1897. 
Yerain:  Sur  la  peste  bubonique.    Ann.  de  I'lnst.  Pasteur,  1894,  1897. 
Zettnow:  Bacillus  der  Bubonenpest.     Zeitschr.  f.  Ilyg.,  xxi.,  1896. 

§  1 70.  The  Bacillus  tuberculosis  is  the  cause  of  the  infectious  disease 
oeeuiTiug  so  frequently  in  man  and  the  domestic  animals  which  is  known 
ordinarily  as  tuberculosis,  but  is  also  sometimes  called  pearl  disease 
{Perlsucht)  in  animals. 

The  tubercle-bacillus  was  discovered  and  thoroughly  studied  by  Koch 
in  1882.  It  is  a  slender  rod  (Fig.  464\  of  1.5-4  //  in  length,  and  is 
usually  slightly  curved.  It  may  be  stained  by  aniline-dyes  (fuchsin, 
jj:entian-violet)  to  an  aqueous  solution  of  which  an  alkali,  or  carbolic 
iieid,  or  aniline  oil  is  added.  The  bacilli  when  once  stained  retain  the 
stain,  even  when  the  preparation  is  decolorized  in  dilute  sulphuric  acid, 
or  nitric  acid,  or  hydrochloric  acid  and  alcohol. 

The  stained  bacilli  not  infrequently  show  in  their  interior  clear,  shin- 
ing, unstained  areas,  or  are  composed  of  little  stained  spherules.  Koch 
iornierly  regarded  these  clear  spots  as  spores,  and  this  view  was  generally 
accepted  for  a  long  time.  Nevertheless,  a  germination  of  these  struc- 
tures could  not  be  demonstrated,  and  at  the  present  time  they  are  no 
longer  regarded  as  spores.  Consequently,  the  tubercle-bacilli  form  no 
special  resistant  forms,  but  on  the  other  hand  the  bacilli  are  more  resist- 
ant against  external  influences,  for  example,  against  drying,  than  are 
many  other  bacteria. 

The  tubercle-bacilli  may  be  cultivated  at  the  body  temperature  and 
ill  the  presence  of  oxygen  upon  coagulated  blood-serum,  blood-serum- 
j^datin,  nutrient  agar,  and  in  bouillon.  They  increase,  however,  very 
slowly,  so  that  only  on  the  seventh  to  tenth  day  or  even  later,  do  the  cul- 
tures become  visible  in  the  form  of  dull-white  flakes  resembling  little 
scales.  Larger  cultures  form,  on  the  surface  of  coagulated  blood-serum, 
whitish,  irregularly  shaped,  lustreless  deposits.  According  to  Nocard, 
Roux,  and  Bischoff  the  growth  of  the  bacilli  is  greatly  aided  by  the 
addition  of  glycerin  (four  to  eight  per 

cent).     In  cultui-es  the  tubercle-bacilli   ^    ^        ^  ^i^ 

also  form  threads,  which  in  part  show       \      ^  ^    '  ^  ^  \ 

branching.  '  ^   w   \        ^         ^'        ^^-}  \ 

At  temperatures  below  28°  C.    and     ^  ^  ^'l 

above  42°  C.   the  growth  of  the  bacilli  ^  ^  n  ^  J 

cciivSes.     Sunlight  kills  the  bacilli  in  a   >'\^  ^^/^  \  •^  '~ 

short  time  (Koch).  ,^-     ^        ^  '   A    --^ 

If  the  bacilli  from  pure  cultures  are     ft^  /^     ^^  '^^ 

inoculated    into  experimental  animals,    y*^.    '\       ,  ^      \      "^ 

tnlHjrculosis  is  produced  in  these;  and    '^-.    .^    ^;        iJ^4^   '  "  ^  %. 
the  infection  is  transmitted  as  well  by   "        ,  ,  ^^  " 

inoculation  under  the  skin,  or  into  the  a  Sa^n  tu i£ri nTwiM mo,K^^^^ 
l)eritone.al  cavity,  or  the  anterior  cham-   J^feed  ^^t1?7SoTSri*^5  SSthXne-tt 
l)er  of  the  eve,  as  also  bv  inhalation  of  x  4(X). 

an  atomized  suspension  of  the  culture,  ' 

by  feeding,  and  by  injection  of  bacilli  into  the  veins.     In  experimental 
feeding  success  is  often  attained  only  after  long  administration  of  the 
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bacilli,  sinee  not  every  bacillns  gaining  entrance  into  the  iutesaina! 
tract  leads  to  infcctioo.  It  is  also  true  Ibat  bacilli  lodging  npon  tbr 
macoiis  membraue  of  the  respirAtory  tract  do  not  always  sncceed  iu  grow- 
ing in  the  tissne.  Guioea-pigs,  rabbits,  cala,  and  gray  field  iuic«aie 
ispectally  Husceptible;  dogs,  rats,  and  white  mice  less  so. 

Infection  of  man  and  of  animals  oocnis  from  tbe  taking  up  of 
tnbercle- bacilli  from  the  lungs,  reiipiratory  passages,  and  the  iutestiuat 
tract,  or  from  -wonnds 
and  tissue  •  nice  rations. 
In  tbe  alimentary  trad 
the  lyniphadeuoid  itp- 
paratus,  tonsils,  and  tin- 
intestinal  lymph  -  fill- 
licles  form  the  mnst  fn-- 
(|uent  aveune  of  eu- 
tnince.  Xnrslin^  are 
particularly  snseeptiMt^ 
to  iuteetinal  iufertinu. 
Further,  a  direct  traiL-- 
mission  of  the  bacilli 
from  the  mother  to  the 
f€etua  in  vtero  mayoccnr, 
but  this  is  rare  A  niiil- 
tiplicatioD  of  the  bacilli, 
that  is,  the  productitui 
of  tubercnlosis,  occurs 
usually  at  the  points  (if 

Fia.  «ll.-TubercLe  (nun  •ruil«uu«tn»nutaUcinot  hone  (KOHct's  __i_,„__  ^f  *i,„  Ka,.ili; 
dun  Bkmurk  brown),  o,  GtanHwll:  6,  epIlbelloM  crili:  c,  entrance  Ot  tne  DOCllll, 
iTmplnld  Delta.    X  «0,  Jjut  j^ay  aJso  occur  only 

after  the  trausportaIif>ii 
of  the  bacilli  throagh  tbe  blood  or  lymph,  so  that  bicinatf^enoas  or 
lymphogenous  disease  of  tbe  internal  organs,  for  example,  of  tbe  lympL- 
glands,  bones,  brain,  and  tubes,  may  occur  as  the  primary  localizatinu. 
The  bacilli  are  spread  thi'ooghout  the  external  world  chiefly  by  the 


■^ 


S&3V 


■,  from  ■  mhfiTle.    I 


spnta,  under  certain  conditions  also  1)y  the  fseces  and  urine,  further  from 
tnbercnlous  ulcers,  or  from  tuberculous  organs  which  are  taken  friHu 
living  or  dead  persons.  Since  the  bacilli  are  rather  resistant,  they  may 
be  preserved  outside  of  the  animal  body  for  a  long  tinie  under  certain 
fonditions,  and  may  l>ecome  mixed  with  tbe  respired  air,  as  well  as  with 
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the  food  and  drink.     The  milk  of  tiiberciiloiis  cows  contains  tlie  bacilli 
especially  when  the  udder  is  diseased ;  bnt  the  bucilli  may  also  pass  into 


d  prullfiiraDiis  pleun;  b. 


the  Tiiilk  when  uo  disease  of  the  adder  can  be  demonstrated  (Hirsehbei^, 
Krnst,  Lench). 

If  the  bacilli  succeed  in  developing  and  multiplying  in  any  tissne  of 
the  human  body,  they  lead  by  a  series  of  oUaiiges  to  the  formation  of 


nodul4ir  nuuseti  of  ffranulation  tissue  or  tuhercies,  which  remain  devoid  of 
Uood-i-esseU,  and  after  reaching  a  certain  stage  of  development  undergo 
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rftn^nvsHh  «^  i-)uu]t:i»«.     Tlie  forniatioa  of  tbe  nodule  mar  be  aeeompaoicd 
by  a  more  or  les«  extfiisiv**  iodiumuutory  esadation. 

Tbe  tii>t  effei't  of  th<>  devf  lopnieat  i>t'  th«  b«u-iLIi  iu  a  ti»»iie  is  a  Iwm- 

deffenfi-iitiitu.  in  whii-h  the  tii*«i«?H-«*Ils  ;ts  weU    as  tbe  connect ive-lbwie 

jTroiiml-sabstance      over     u    largpr    m 

MHialler  area  are  destroyed,     Totbedf- 

frenerjlive  processes  there  is  addeil  then 

im  the  one  haod  an  inRammaiorr  «iu- 

iLUion — that    is  fw*ifrtitiit»    of  levnryln 

titiil  IgmpJtorptt^ — ami,  ^a  the  other  bawl, 

a  pntH/frtftUm  of  tk^  tiiemr-rflin  rcmm^if 

^rfufrrrtl  within  the  affeeted  area  {y\%. 

■WW,   rt>,     Tbe  degrve  of    the  exn^iatire 

pnH-e(**s  in    tbe    re'^ou  i>f  the   nodnte 

.  varies  and  ih  ilependeDt  np>tn  the  iiam- 

fvi   uw  -t  »i«i«»  nvcniato  «i  lubwi-u-     '^'^  '"'*^  ^^^  viroleoce  of  the  liuicilli  pr^ 

lou  BTnDiiJuioa  Uwae  'uirubiM.  hrteitau     foC  la    the    tL'^soe  and  alsi>  Dpnn  tbe 

l!S^i;!^'f..B™iJX'S^™!"£S^     mode  of  infection.     When  a  large  nim- 

^bI"m'm'»TwirwlIi»?'T'tl£^i»r2Si     ^'  "*  bacilli  are  iutrodnced  inhi  tbe 

cioni  In  rEim.    X  sw.  luDg  throogb  tbe    respiratory  tract  tbe 

exudative   inflanuuatinD    is    very   pn<- 

nuiiuivil.     It  i»  lcs*i  niarlted  in  the  case  of  tbe  iDtnxltit-tiou  of  bacilli 

into  the  livt^r  thruugb  the  portal  vein. 

Thf  ct^Jio/the  i^.rwUit'- tirst  appearing  are  chiedyj^^/jwitrfrtir/fTicoty'*, 
bat  later  oumvimd'tiT  IgmptuK^tfs  anil  IfifiK-i/ti'ii  predominate.  The  apftar- 
aiKfg  oi  proiiffittHon  may  be  shown  by  tbe  second  day. 

The  fdlviar  tuMlnlr  which  after  the  course  of  a  few  days  represeots  Ihe 

I, 


r'.X  r-s:i,Kr*t?~Stil-r*te'  .V  v-;\-:^£S31 


tnbercle  at  the  heiiibt  of  its  development  shows  osaalty  three  type*  "^ 
ceU» — larff^  fpitkfliiml  erlln.  with  eii^ir  nni-iri  (Fig.  46.1,  i),  matbmn^f 
tjiant-tflh  (_ti),  and  Igmphifcylfs  {_<").    The  first  two  forms  are  found  partica- 
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liirlj-  ill  the  <•eiitr.il  pai+  of  the  tubercle,  tlie  latter  at  tlie  periphery.  The 
numbei'  ol'  the  iiidividiiiil  oell-t'oniis  vstries,  and  under  et>rt:iiii  conditions 
the  I.\inplioi'yteH  may  he  so  niiiuerous  a.s  gi-eatly  to  overshadow  the  larger 


cell-forms.     On  the  other  hand,  nt>  other  timeii  the  epithelioid  cell8  with 
lightly  Ktainint;  niu-lei  nmy  pivdumiiiate.     These  eells  ju'e  in  part  changed 


lymphocytes  arisiug  from  the  blood  (polyblasts) ;    in  part    fibroblasts 
ariKing  through  the  proliferation  of  connective-tissue  cells  in  loco. 

The  giant-c«lls  iM^long  usually  to  the  syncytial  type  and  arise  through 


iA*^  ^-/r.'*"  'M^M^^,  "f  -Hfr-jv.  bo*  it  i*-  aiiv*  j^fm^Htle fin^  thejr  srine  tfarooirb  the 
ftu.v^*  ;j/^ i^:at  I'/ti  </f  if^  uu^'^^xtk  ;u  a  ^sil^tW  <ikJL  Tbe  noelei  lie  osuaUy  iu 
tA«^  l^rjj/iM^a!  j^^riiou  «^  ti««  pfvjtopLMaaiX' Btttafs  (Fipi.  4<>5,  n,  and  I6»»); 

r»ii|0^J  .'  n  a  ^  r«^  ii  oi  jij  a  'TVft^ieul.  Tb^n*  ofttf^u  (Kait4iii]  uiuuerna«^  bacilli 
(Vf^*^.  UA*  AiA  4^/*.  ^>  Tb**  i#<>xina<-Uflii*yi  ]K#itiou  i*f  tlie  jmitopk^iu 
itt^y  </f  l^Ji  \t^.  itit^f^uiz^  U*  >*e  *-U8iij;:*<L  ^k^uen^^d,  or  ueeixjtie  beota^e 

T)iiv/u;^  lln^  prolifttuzum  <#f  iJm*  ee>JL«  tbe  rfaitainin^  eonneetiTe-tbsQf' 
^toui^i  *4  tlit'  onjdtiaJ  ii*MMf  i^  pu^iifHd  fartber  and  farther  aifiart.  s^i  tkit 
t}i«;  iiMiii  iduual  tfi^lU  f^/ifne  fiuaJJy  to  be  fDeparated  from  one  another  ouly 
tpy  M^ijty  lil/THfi^  nb'iNH  f;f*tieraJ  arraagesiest  18  in  the  form  of  a  Bel- 
w'irfc<  tibteb  in  etfumnqoeutly  called  tbe  rHimimm  of  the  tmhrrdr, 

S'tr  retuiMM  are  wdft^nmM  vitbin  tbe  taberele;  aud  tbe  o/^f  rtmU  art 
iitmeii  tknnujk  ike  pruiifer^um  of  ike  vemd-waSUu  Usually  the  neyf-fwrn- 
turn  of  etpHneeiire  i'uvme  liopH  urUk  the prodwdkm  offbrMatiJL 

Tke  Jiei^rbtMiHi'iod  of  tbe  taberele  proper  may  show  no  essential 
rftjafiK^J>ui  usually  prefseots  tbe  appearance  of  an  inflammation,  particu- 
larly a  Muall-celled  tiHMie  infiltration  or  proliferation  (Fig.  467,  a). 

A  Nerr>uH  exudation  iA  ali»o  msnally  associated  with  the  cellnlar  emi* 
fp^ation^  VLiAfUprin  may  Ije  formed  both  ^ikin  ike  tnberde  itseff  (Fig.  468.  <f) 
and  iu  Um  neighborhood  ('Fig*  467«  e). 

At  tlii^  beigbt  of  ita  development  the  tubercle  forms  a  small  gruH. 
irandueeni  cellular  nodule^  which  may  reach  the  size  of  a  millc^-seed,  aud 
endoMCM  in  Oh  timue  tubercle-bacilli  in  larger  or  smaller  numbers.  When 
it  liaM  reached  a  certain  size  relrogremve  changes  usually  appear  Id  itb 
centre,  the  tubercle  in  consequence  becoming  cloudy,  opaque,  and  of  a 
white  or  grayiMh-tthite  or  yellowish-white  color — these  changes  lieiog  de^ig* 
natnl  as  casi^tion. 

The  caseatkm  of  the  tubercle  is  dependent  on  the  one  hand  upon  a 
iiecroMosis  of  the  cells,  and  on  the  other  upon  the  deposit  of  coagnlnlfd  mmI 
stances  in  the  spaces  between  the  cells.  The  cell-neerosis'is  chaiactenzc^I 
by  a  loss  of  the  nuclei  and  a  transformation  of  the  cells  into  luupy 
masses  which  later  disintegrate  and  become  granular  ( Fig.  4^.  <r .  ^  . 
The  deposit  between  the  cells  consists  either  of  a  network  of  fibrin  •  Fi::. 
468,  a)  or  of  a  granular  or  hyaline  reticulated  fibrinoid  substance  re^ezu 
bling  fibrin  but  which  does  not  take  the  Weigert^'s  fibrin  <4aiii  and  i> 
stained  yellow  by  Van  Giesou's.  In  the  further  course  of  the  processi  i»i 
caseation  the  fibrin  and  fibrinoid  substance  disiutegnite  into  a  grtnnkr 
mass  which  fuses  with  the  cell-detritus,  so  that  the  central  jian  tif  ttt^ 
tubercle  consists  of  a  lumpy  Agranular  mass  (Figs.  469,  m^  471,  «iiiii<'ii 
takes  a  weak  diffuse  stain  with  nuclear  stains. 

The  caseation  affects  at  first  the  central  portion  of  tbe  tubnrlf.  ^ 
is  usually  confined  to  this,  while  connective  tissue  is  fomed  sol  tht  i^r- 
iphery,  so  that  the  tubercle  comes  to  consist  of  a  enetms  er^fn  P^ 
470,  a)  and  a  JibroceUular  periphery  (b)  which  usually  coolants  pm^-r^ 
Under  certain  conditions  the  caseation  may  involve  the  taitm  tiibKr<r. 
If  the  caseation  does  not  affect  the  periphery,  the  fibaPMviliilar  tis»i^  ••: 
the  peripheral  zone,  sooner  or  later,  becomes  traasfomi^d  iSN»  a  pc^ 
fibrous  tissue,  so  that  a  fibrocaseous  tubercle  (Fig.  471.  a.  I<  >  i^  iisne^ 
the  connective  tissue  of  which  is  coarsely  fibrillar  or  hyaliiie  and  ]ft«^  •> 
odls  (6),  and  in  the  course  of  time  usually  becomes  sinurplhr  dflfin^f^^ 
the  caseous  centre  (a),  so  that  the  latter  appears  t4i  be  <aicsp»ib^  •" 
connective  tissue.     If  the  tuberculosis  runs  a  favoirahle  f«nnrir  ite  <*^ 
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tre  instead  of  caaeating  may  undergo  a  connective-tissue  metamorphosis 
(Fig.  472,  b,  €,  d),  so  that  the  tubercle  becomes  changed  into  a  fibrous 
nodule. 

The  infectious  luiture  of  the  disease  known  as  tuberettlomn  had  already  been  deter- 
mined by  the  experimental  transmission  of  tuberculosis  to  animals  ( Viliemin,  Lebert, 
Wffus,  Vohnlieim,  Klelm,  Langhans,  and  others),  before  the  discovery  of  the  tubercle- 
bacillus.  Nevertheless,  it  was  a  long  time  before  the  view  that  tuberculosis  was  an 
infectious  disease  received  eeneral  acceptance,  and  opposition  to  this  view  has  even  to- 
day not  wholly  disappeared  (Middendorp). 

The  peculiar  behavior  of  the  tubercle-bacillus  toward  stains — that  is,  its  property 
of  retaining  the  stain  after  treatment  of  the  preparation  with  acids  and  alcohol,  the  so- 
culled  aeid'  and  alcohol-resistance — makes  it  possible  to  demonstrate  with  relative  ease 
the  presence  of  tubercle- bacilli  in  the  sputum  or  in  the  tissues,  and  to  difPerentiate  it 
from  other  bacteria.  It  should  be  noted,  however,  that  other  bacteria  show  these  prop- 
erties; the  bacillus  of  leprosy,  tlie  ttmegma-bacillus  (a  bacillus  ver}'  frequently  found  on 
the  corona  glandis,  between  the  scrotum  and  thigh  and  in  the  folds  between  the  labia 
majora  and  minora),  further  two  different  bacilli  found  in  62i//€7' (one  described  by  X.  Bab' 
iitowitseh  and  Petri,  the  other  by  Korn\  and  finally  also  different  bacilli  cultivated  bv 
Mfjeller  from  grasses  (timothy-grass)  and  from  eoic-dung.  All  these  acid-resisting  bacilli 
may  under  certain  conditions  lead  to  errore  of  diagnosis;  for  example,  the  smegma- 
bacillus  in  tlie  examination  of  urine,  the  butter- bacilli  in  the  examination  of  butter,  the 
latter  particularly,  since  tlie  bacillus  described  by  Rabimncitsch,  when  injected  into  the 
peritoneal  cavity  of  guinea-pigs,  causes  a  disease  of  the  abdomen  similar  to  true  inocu- 
lation-tuberculosis, while  the  bacillus  described  by  £orn  causes  a  pseudotuberculosis  in 
white  mice  (these  animals  showing  but  slight  susceptibility  to  true  tuberculosis). 
Acid-fast  bacilli,  which  probably  represent  a  variety  of  the  Rabinowitsch  butter  bacil- 
lus, have  been  found  in  gangrenous  foci  in  the  lung  (Rabinowitsch)  as  well  as  in  the 
sputuni  of  cases  of  pulmonary  ^ngrene  (FoUi,  Mayer,  Ophiils,  Birt  and  Leiskman). 
MoeUer  has  found  acid-fast  bacilh  in  nasal  and  pharyngeal  mucus. 

Since  the  tubercle-bacillus  in  cultures  forms  simple  and  branching  threads  {Klein, 
Fischel,  Coppen-^anes,  Xocard,  Maffuccif  and  others)  and  bud-  and  club-like  swellings, 
many  authora  are  inclined  to  group  it  with  the  thread-fungi.  Lehmann  and  Neumann 
designate  it  as  Mycobacterium  tuberculosis,  Copven-Jones  as  Tuberculomyces. 

Since  the  tubercle-bacillus  in  caseous  pulmonary  foci  (Coppen-Jones),  and  after 
direct  injection  into  the  parenchyma  of  the  brain,  kidneys,  mammary  glands,  and  testi* 
oles,  as  well  as  after  the  mtra-arterial  injection  of  large  numbers  of  baciUi  (Babes,  Levct* 
diti,  Schulze,  Lubarsck,  Friedrich,  and  Nosske)  forms,  in  addition  to  tne  ordinaiy 
colonies  of  baciUi,  fimgus-masses  abo  resembUng  those  of  actinomyces,  on  the  outer 
surface  of  which  ray-like  clubs  radiate  into  the  surrotmding  tissue,  Lubarsch  and  others, 
in  the  assumption  that  the  fungus-masses  consist  of  branching  threads,  have  classed 
the  tubercle-bacillus  with  the  actinomyces  or  ray-funa.  Lubarsch  regards  the  ray- 
fungi  as  a  sub-class  of  the  Streptothrices,  an  intermediate  group  lying  between  the 
Schizomycetes  and  the  Hyphomycetes,  and  characterized  by  the  formation  of  clubs; 
and  to  this  class  he  assigns  also  the  butter-  and  dung-fungi  mentioned  above.  Accord* 
ing  to  Friedrich  and  Ndsske  the  ftmgus-masses  regarded  as  resembling  those  of  actino- 
myces consist  only  of  rods. 

According  to  the  investigations  of  Hammerschlag,  Ruppel,  Sata,  and  others,  the 
tubercle-bacilU  contain  an  abundance  of  fat,  which  under  jproper  conditions  may  be 
demonstrated  by  staining  with  sudan  (Sata).  According  to  Hammerschlag  the  tubercle- 
bacilli  contain  twenty-seven  per  cent  of  substances  soluble  in  alcohol  and  ether  (fats, 
lecithin,  poisonous  substances),  while  other  bacteria  contain  only  1.7-10  per  cent  of 
the  same.  The  remaining  substance  insoluble  in  alcohol  contains  albumin  and  cellu- 
lose. Apparently  the  acid  resistance  of  the  bacilli  is  dependent  upon  the  rich  fat 
content,  young  bacilli  which  lack  the  fat  covering  are  not  acid-fast  (Marmorek), 

According  to  the  investigations  of  Prudden,  Hodenpyl,  Kosteniisch,  Vissmann,  Mc^ 
sitr,  Kockel,  and  others,  dead  tubercle-bacilli,  when  introduced  into  the  tissues  of  an 
animal  by  inoculation,  or  injection  into  the  blood-stream,  or  through  introduction 
into  the  respiratory  passages,  excite,  at  the  point  of  deposit,  inflammation  and  tissue- 
proliferation  similar  to  that  caused  by  Uving  bacilli,  and  in  the  case  of  a  large  inocu- 
lation may  lead  also  to  suppuration.  These  changes  differ,  however,  from  those  pro- 
duced by  living  bacilli,  in  tnat  the  bacilli  are  destroyed  after  a  few  weeks  and  the 
nodules  of  granulation  tissue  heal  through  a  transformation  into  fibrous  tissue;  and 
further,  by  the  fact  that  the  severity  of  the  local  tissue-proliferation  is  dependent 
wholly  upon  the  amount  of  dead  baciUi  introduced,  and  that  there  is  no  spread  of  the 
process  throughout  the  body.  The  dead  bacilh  must  therefore  contain  substances 
(proteins)  which  caase  inflammation  and  later  also  tissue-proliferation. 
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In  addition  to  the  local  effects,  the  substance  contained  in  the  cdMxxfies  of  rh/e 
bacilli  may  also  cause  emaciation  of  the  animal. 

The  active  substance  of  the  bodies  of  the  badUi — tybercdin — ^was  first  nrodoced  by 
Koch  (1890)  from  six- to  eight-weeks-old  cultures  in  a  weak  alkaline  veal-iiifuaioiu  to 
which  one  per  cent  of  peptone  and  four  to  five  per  cent  of  ^ycerin  were  added,  br 
evaporation  upon  a  water-bath  to  one-tenth  of  the  original  volimie  and  filtering:  titroush 
a  filter  of  earthenware  and  silicious  marl.  Later  (1897)  he  dried  highly  virulent  ralt- 
ures  of  tubercle-bacilli  in  a  vacuum-exsiccator,  then  triturated  the  diy  snbstanre. 
mixed  it  with  distilled  water  and  centrifugated  it.  The  active  principle  L;  cootaint-l 
in  the  muddy  precipitate  thus  obtained,  which  is  again  dried  and  triturated  and  dL^ 
solved  in  water  to  which  twenty  per  cent  of  glvcerin  is  added  for  the  purpose  of  pr^-— 
ervation.  This  tuberculin  (designated  by  Koch  as  T.  R.)  is  said  to  contain  lOmgzn. 
of  solid  substance  in  1  c.c.  Tprepared  by  3/ewter,  Lucius,  and  Brunning^. 

Whether  the  tul:>ercle-Dacilli  produce  a  true  toxin  is  a  question  that  has  not  jH 
been  decided,  but  this  is  probably  not  the  case;  and  in  favor  of  this  is  the  fact  that 
localized  tuberculosis  cUmcally  shows  no  symptoms  of  intoxication.  The  tubercviins 
obtained  by  various  methods  contain  a  mixture  of  different  substances  which,  like  the 
substances  derived  from  other  bacteria,  excite  inflammation.  Perhaps  they  contain 
also  specific  albumin  bodies  which,  in  the  organism,  cause  the  production  of  specific 
bactericidal  protective  forces,  either  through  the  formation  of  bacterioiysins  or  of  €Mgglu- 
linins  and  precipitins  that  act  upon  the  bacteria.     (See  §  33.) 

Through  the  investigations  of  Arloing  and  Coumwnt  we  know  that  an  emuLsioQ 
of  cultures  of  tvbercle-hacUli  grown,  upon  potatoes  is  agglutinated  by  the  senim  ui 
tuberculous  men  and  animals.  Through  an  especial  metiiod  Koch  has  prepared  a 
fluid  containing  bacilli  in  which  a  clouding  and  a  flocculent  precipitate  is  produced  by 
an  agglutinating  serum.  The  serum  of  healthy  animals  (rabbits,  dogs,  cow,  and 
donkey)  shows  no  agglutinating  action  when  the  test  fluid  is  added  to  tlu^  smim  in 
the  proportion  of  1:25;  yet  there  are  exceptions  to  this  and  horse  serum  usually 
shows  an  agglutinative  power.  According  to  Koch  and  Romberg  the  serum,  of  childrrn 
possesses  no  agglutinative  power.  After  the  fourteenth  year  it  is  very  frequoitly 
present,  probably  as  the  result  of  latent  tuberculosis.  Through  the  treatment  of  an 
animal  with  dead  or  living  cultures  of  tubercle-bacilli  it  is  possible  to  produce  a  serum 
capable  of  agglutination  (Koch)  or  to  increase  that  already  present,  particulariy  easily 
in  goats  and  clonkeys. 

Animals  possessing  the  power  of  agglutination  show  a  more  or  less  high  degree  of 
immunity  against  an  artificial  infection  with  tubercle-baciUi,  and  the  ag^utinative 
power  may  therefore  be  regarded  as  an  indication  of  the  existence  of  protective  sub- 
stances. 

In  men  suffering  from  tuberculosis  the  power  to  agglutinate  is  not  usually  shown 
in  dilutions  of  1 :  25.  In  advanced  tuberculosis  the  agglutination  power  is  usually 
wanting,  since  in  the  course  of  a  malignant  tuberculosis  the  protective  substances 
are  either  not  formed  at  all  or  at  least  only  in  small  amounts.  A  mixtiu^  of  pulver- 
ized tubercle-bacilli  in  100  parts  of  water  plus  100  parts  of  glycerin  when  injected  in 
increasing  doses  (0.8  per  cent  salt  solution,  the  first  dose  contains  0.0025  mg.  of  tlnr 
cell  substance  of  the  oaciUi)  has,  in  the  hands  of  Koch,  increased  the  agglutinatirm 
power  of  numerous  consumptives  (from  1  :  25  to  1 :  100  and  1 :  300),  so  that  it  may  be 
assumed  that  it  is  also  possible  to  produce  in  consumptives  a  certain  amount  of  protec- 
tive substance. 

As  to  the  lvalue  of  the  old  and  new  tuberculin  of  Koch  various  "UTiters  difl'er.  Its 
worth  as  a  diagnostic  aid  is  not  questioned,  particularly  that  of  the  old  tuberculin, 
since  small  doses  excite  fever  in  tuberculous  animals  but  not  in  healthy  ones,  yet 
there  are  exceptions  also  to  this.  The  old  tuberculin  finds  a  use  in  the  recognition 
and  removal  of  tuberculous  domestic  animals.  As  a  curative  method  (it  is  used  in 
small  doses  in  tuberculosis)  it  is  praised  by  some,  but  at  present  its  use  is  not  very 
extensive. 

During  the  last  year  much  clinical  interest  has  l)een  excited  over  the  diagnostic 
use  of  tuberculin  in  the  cutaneous  reaction  ('^Pirquet's  reaction  ")  and  the  conjunctival 
reaction  (**  Calmette's  reaction  ")• 

Von  Behring  has  succeeded  in  rendering  cattle  immune  against  virulent  bovim* 
tubercle-bacilli.  He  uses  first  cultures  of  human  tubercle-bacilU  which  are  less  viru> 
lent  for  cattle,  and  begins  with  an  intravenous  injection  of  1  mgm.  of  a  serum-cult- 
\xre  of  a  definite  strength  of  infection.  In  younger  animals  the  immunisation  can 
be  much  more  easily  produced  than  in  older  ones.  Von  Behring  regards  it  as  pos- 
sible to  feed  nurslings  with  a  milk  of  cows  made  immune  against  tuberculosis  and 
thus  to  convey  to  them  antibodies  which  may  serve'  to  protect  them  from  infection. 
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See  also  §  171. 

§  171.  Tuberculosis  is  at  the  beginning  a  local  disease,  \¥hich  occurs 
most  frequently  in  the  lungs,  intestinal  tract,  and  skin;  that  is,  in  places 
accessible  from  without.  Cases  of  et^togenic  infection  are  by  no  means 
rare;  in  these  the  first  demonstrable  disease-changes  appear  in  tissues 
concealed  in  the  deeper  portions  of  the  body-parenchyma — as,  for  exam- 
ple, in  the  lymph-glands,  adrenals,  bones,  joints,  brain,  tubes — and  it  is 
to  be  assumed  that  under  certain  conditions  the  bacilli  enter  the  body 
without  causing  lasting  changes  at  the  point  of  entrance,  so  that  they 
develop  first  in  some  distant  organ  to  which  they  are  carried  by 
the  blood  or  lymph,  and  through  multiplication  give  rise  to  tissue- 
(l?jreneration,  to  emigration  of  white  blood-cells,  and  to  proliferation  of 
tissue. 

The  local  disease  usually  begins  with  the  formation  of  miliary  tu- 
bercles— that  is,  cellular  nodules  of  the  kind  described  above — which 
arise  in  the  tissue  either  singly  or  (in  case  of  multiple  infection)  in  great 
uumbers  simultaneously,  or  one  after  another  (secondary  dissemination 
of  the  multiplying  bacteria).  The  tissue  in  the  neighborhood  of  the 
individual  tubercles,  as  well  as  that  between  the  tubercles,  shows  some 
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tiSHe  a  aKWf.  waw«ii>ej'  a  less  pmn-'iaiofnl  a^^ffju-^urf  i<f  iuftaaaKac   r- 
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■IciiM-  fihruus  tissue  (Fig.  4 
]:iii^4-ti)ciit  («),  aiirt  ill 
)iiirt  is  iiion;  hyaline  uiid 
lii>riion('ii«oiis  in  cliai- 
:ii-liT.  Ill  tlie  IniigSHiK-h 
cuinci'tivetissne  iiodiili-s 
(-•'iititin  iiiitre  or  lesa  ear- 
lioii  (ligmeiit  (FiK-  -1"7)- 

A  M'C'Oiiil  fiiriii  of  ter- 
iiiiiiation  is  li  combina- 
tion of  caseation  and 
fibrous  Induration  com- 
l>risiitjr  dense  iibroiis  tis- 
■^\w  ( I'^ig.  478,  b,  d)  and 
r-iisi-<inH  foci  (a)  of  vary- 
ii»H  size. 

'nic  third  termination 
consists  osRentiaUy  in 
caseation,    the    tnbercn- 


whereby  the  suiiie  pro<;e88es,  as  juat 
dejfcribed,  consummate  themselves 
lit  the  i>erij>hei-y.  There  may  arise 
in  this  way,  cither  williin  ;iii  in- 
fected (trj.'iiii.  or  upon  the  siirliutr 
of  Nuih,  iimlnlc'sof  lap^'esi/e.  soll- 
tary  tubercles  (Fit:.  475,  c)  as, 
for  example,  in  the  pia,  br-^in, 
and  npon  the  diii-a  nmter,  Mhicli 
not  infre<)iieiitly  resemble  tnie 
tumors.  Further,  the  tissue  trans- 
formed by  the  fulierenlnns  jn-oeess 
iir  the  newly  loi'ined  tissiu-  i-espec- 
tively,  may  Buffer  varimis  fates; 
and  there  may  be  <liHtinKuislie<l 
three  chief  fonns  of  teriiiinalion. 
ubich  may,  however,  be  eoinbined 
ill  various  ways. 

In  a  tii-st  ^riinp  of  esises  the 
production  of  ennneelive  tissue 
forniH  the  most  striking  feature, 
and  thei-e  results  a  connective- 
tissue  indunUiiin  of  the  diseased 
tissue  (Fig.  47«t  with  the  develop- 
ment of  a  dense,  fibiims  eiiuneetive 
tissue  («)■  If  tlie  process  does  not 
conio  to  a  standstill,  thei-e  may 
l>e  found  in  iLssocialion  with  the 
fibrous  tissue  new  pmli/riyitiouM  of 
groHuhition  timiie  {/>),  anil  oft<'n  also 
a  larger  ()r  smaller  inimber  nf  typi- 
_  eai   tiibrneJen   (r).      If    the    i)ii>cess 

ofibe  imH>>iitir(NaikT'ii  '  eonies  to  a  complete  standstill  and 
"'  ''■      to  a  cure  of  the  infection,  the  cu- 
til*  aii'a  may  come  to  consist  of  a 
(I,  6)  which  in  part  shows  ii  nodular  ar- 


le  plB  nuter  o(  thi-rerphi'l- 


ir  depwllii,    Nauiralnl 
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lous  giuuulatiou  tissue  dying  and  producing  no  connective  tissue  at  all. 
or  only  in  suctt  a  sliglit  ^ount  that  it  is  completely  overshadowed  K 
the  caseous  masses  (Fig.  479,  c). 

Both   the  flbrocaseous  and   the  purely  caseous  areas  may   beoome 
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ieiil«U,  through  their  encapsulation  from  the  surrounding  tissues  by  coDiiec- 
ive  tissue  (Figs.  47S,  b;  479,  c,  e).  Such  a  healing  am  be  regarded  as 
oiuplete  only  when  iu  the  counective-lissae  capsule  (Fig.  479,  c,  e)  «ud 


Fig.  1T9.— EnaFmlBted  area  of  tabcrculoui  cuestJon  In  Uie  lUDR. 
r,  ores  nf  nHatkin ;  d.  remUns  ol  eluUc  Bbrei  In  tbe  *m  at  cueUlo 
nodula :  /.  tblcktoed  pleura.    X  IE. 
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U«i  iieifrhborhood  («)  neither  freah  granulation-ti»>n«-  areas  nor  mbwri^ 
lire  still  proiient.  Occasionally  calclllcation  cf  the  encapsolated  («cocs 
iii;ui!>  may  tn-vur  as  a  farther  tsign  of  the  leniiiiiatiou  of  the  pnx-«^)>. 

TIk-  caseous  masses  of  tiilx^renlou»  foci  are  sometimes  firru.  ?'>ai- 
liiiieis  suit,  and  in  the  latter  ease  very  often  sufler  a  disinteeratioa  ai 
liquefaction  leading;  to  the  formation  of  uiilk-whitc,  crombliiig.  and  pc 
tiut^tus  »ir  even  thin  fluid  masses,  so  that  the  tubcrenlons  area  ohd^  x- 
present  the  picture  of  an  abscess  snrrouuded  by  a  wait  (designattrd  :» 
colt!  4ibiirpMt).     Uu])tiin-  anil  emplj  inp  of  the  same  externally  leads  to  th- 


funiiid  ion  of  cavities  or  caverns  and  fistulous  passages  aceessilile  fr<>iu 
withont,  and,  when  there  is  a  wide  opening;,  to  ulcers. 

DmtdegraiUm  and  atiHty/oniiation  occur  jKirtieularly  in  the  lung,  ami 
may  there  lead  to  the  formation  of  earitics  as  lai^e  as  a  man's  flsl  "T 
larger.  They  also  occur  not  infi-eqneutly  in  caseating  lymph-gLiuds.  and 
in  caseous  foci  in  the  kidneys,  hrain,  muscles,  skin,  and  bones  (Fit:. 
480).  Tlie  cavities  (ft)  contain  in  the  boginninff  the  liquefied  tnbcrowloM- 
tissue,  in  which  uot  infrequently  remains  of  the  original  tissue  luayli^ 
recognized  in  the  form  of  sequestra  (/).  After  the  evacnation  of  the 
contents  the  wall  may  fnmisli  material  sufficient  to  fill  the  cavity  again 
either  through  the  secretion  of  pus  or  through  the  breaking-ofl'  of  necrc- 
tic  tissue,  ITmaorrhageB  not  infrequently  arise  throngh  the  erosion  of 
blood-vessels. 

The  uttlln  of  the  cnrerng  OHd  absceMea  are  usually  lined  byciix-atiii? 
grannlation  tissue  containing  tulwreles  (Fig.  480,  *■") :  the  sumnindin): 
tissue  iHH'omes  indurated  in  part,  and  in  part  the  sent  of  caseatiug  fori. 


Tl  BKUCCLOSIS. 


Vlcers  occur  most  fi«queiitly  in  tlie  luiicous  iiieiiibraues  (Fig.  481,  h) 
1  in  the  skin,  sinoe  the  sofleiiing  ciiMeims  inasst's  in  tliew^  regions  most 


m 


^ 

"%>! 

t:^^ 


t       4V       r  iK-n    1  uiulrerurtbplnlnllneRlthprupIluiinfiulicn'li^  In  itie  iiflictiluiTlK-oil   (alfolii'l. 
Et  -imHnk  iTDWn       a    tfuom;  ti.  kuIhiiih'uiib  j  r,  miurularlK  fiiicmB:  i1.  iiiiiwiilaris  pitrma;  r,  Mfrowi ; 
•J  II  ar»  fol  I  If    a  mucoB  Indlip*!'^  wHIi  cplLii  h,  ulwr;  ft..  hh-»  ii(  unfiMiiliiK :  ',  nreiii,  *,,caw<ius 
h-n-h-  a 

frvqLieiitly  break  througli  to  the  snrface.  TUv  edges  ami  biLse  of  tlie 
Tilcem  are  surronndod  by  an  intlaminatory  zone  of  infiltrated  grsmnlation 
lissne,  often  also  containing  tubercles. 

A  ' 

J 


Fig.  «K.-BeK[nnlnB  lnben>ul(»tH  of 
niAlns  of  eliBlIc  tisiup;  h.  normsl  luni 
■od  of  Uie  caseous  area :  /.  luberrle  In  inp  pinim ;  i 
berelca  of  tbe  lympli^vraii-ls :  k.  ni^-hinnallim  i>t  Bbniui 
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If  » tabereaIoa»  foeos  dtws  not  be«<^w  heaied  tltroa|rh  tiaii^iDl^ 
latioD.  aeqnretiaEioD  or  eorapsalatitHi  of  the  dead  tiame.  or  thnm^  ti- 
i^BOTsl  Qc  death  of  the  bacilli,  there  exists  the  iamgtr  «<  mtta^ttn*. 

This  takes  place  first  by  the  lymph-cbaimelis :  aoti  a  part  of  tb«  p.i'- 
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ire  of  a  i)rogres8ive  tuberculosis  is  the  development  of  tobercles  in  tlie 
,yini>h-spaceH  and  iu  the  walls  of  the  lymph-vessels  (Figs.  481,  i,  i, ;  482,  e, 
f,  jf,  h,  i;  483,  ff,  h,  i,  k,  I,  »i)  in  the  neighborhood  of  tlie  primary  focus. 
Hie  lymphogenouij  miliary  tuberculosis  la  ia  some  cases  limited 
to  the  immediate  oeigh- 
borhood  of  the  primary 
focus  (Fig.  482),  at  other 
times  it  iuvulves  larger 
areas  and  may,  for  ex- 
ample, extend  from  a 
fasealing  tubercle  in  the 
lung  (Fig.  483,  n)  over  a 
large  part  of  the  pulmo- 
nary lymphatic  system 
(ff.  A,  i,  k,  I,  m).  These 
lymphangoitic  tubercles 
present  the  api>earance  of 
bright  gray  nodules,  often 
surrounded  by  a  red  zone, 
and  consist  easentially  of 
the  same  structure  as  the 
primary  focus. 

The  lymph  •glandit 
may  be  aflfect^  very  early 
(Fig.  483,  d,  d.),  wbere- 

hn-nuuiiTlIn).  (i.TubcTrrK:  a,,a8H.iutuben'!r:1>.Ltaueottlie       UpOU  tubercleS  develop  lU 
lymph-itlaiiil ;  c,  (rtantwU  1D  the  centre  of  »  lubercle:  t,,  Kl»nl-       them     CFiir      4R4.       a      n  1 

ihe  lubereks ;  (,  bio«i-Ye«ei.   x.  WO.  leading    through    Succes- 

sive crops  of  the  same  to 
a  more  or  less  marked  enlai^ment  and  finally  to  a  caseation  of  the 
glands  (Fig.  483,  d,  d,),  or  to  an  induration,  or  to  a  combination  of  these 
processes.  The  ihomdc  dact  may  become  infected  from  caseating  and 
disintegrating  lympb-glands,  and  through  this  channel  an  infection  of 
the  blood  may  also  take  place. 

Very  often  the  formation  of  metastases  takes  place  also  through 
the  blood-stream ;  in  the  first  place  by  the  entrance  of  bacilli  through 
the  lymph  from  the  thoracic  duct  as  mentioned  above,  but  very  often 
also  as  the  result  of  the  direct  ejUrance  of  bacilli  into  the  circulating  Mood, 
In  tuberculous  tissue  the  bacilli  may  pass  directly  into  small  veins, 
though  the  obstruction  to  the  circulation  due  to  the  closure  of  the  vessels 
usually  prevents  their  further  dissemination.  Often  enough  the  bacilli 
gain  entrance  into  the  larger  veins — as,  for  example,  throngh  the  adhesion 
of  caseating  lymph-glands  at  the  hilum  of  the  lungs  (Fig,  483,  d,)  with 
the  neighboring  veins  (c,  /),  the  tuberculous  process  involving  the  vein- 
walls  by  direct  extension.  Moreover,  an  infection  of  numerous  reins  with 
tubercle-bacilli  may  occur  in  the  neighborhood  of  a  tuberculous  focus, 
so  that  the  small  veins  of  an  entire  va-scular  system  may  present  a  well- 
marked  tuberculous  disease— that  is,  an  indammatory  granulation- prolif- 
eration of  the  vessel-walls  with  the  formation  of  tubercles  and  subsequent 
CiLseation  (Fig.  485,  b),  so  that,  if  thrombosis  does  not  occur,  large  num- 
Iwrs  of  bacilli  may  enter  the  blood-stieam  from  the  diseased  walls.  In 
Ru*  cases  the  arteries,  particularly  the  pnlmonary  arteries,  may  become 
tiil)crculou8  through  infection  from  the  surrounding  tissues,  and  so  may 
give  off  bacilli  to  the  blood-stream. 


6:J4  THK    I'ATIKKJKXIC    y[SSIOX- FUNGI. 

The  traiiisporlation  of  the  batulli  tlirooph  the  bloodstream  gives  ri« 
to  11  htematosenous  miliary  tuberculoste^that  is,  to  uii  eruption  of 
loiliary  tu)H>i-elt;i'  (FiK-  486,  a)  at  those  plaees  where  the  tka^illi  bKomr 
lodged  and  multiply.  Just  where  these  placeR  will  be,  and  how  Damer- 
ons  the  tubercles,  depend  upon  the  location  of  the  point  of  rapture  wA 
the  nnmber  of  iKunlli  entering  the  blood.  The  entrance  of  many  baeilli 
into  the  blood  may  lead  to  a  general  hamatogewtm  mUUiry  tvberealoat. 

If  the  iHu-illi  have  entered  the  blood-stream  in  small  numbeis  ajol 
have  been  deposited  in  onlyone  organ,  and  if  death  does  not  ensue,  tben- 
arisos  in  this  organ  a  pri^i-essive  /ia;iiuth)ge>ii>HS  local  tuberculona,  wbidi 
rniis  a  conrse  siniiliii'  to  that  of  the  primary  focus  coming  from  withom. 


FIR.  tNJ.  — TubprfUloifs  oT  Uie  veins  iu  ihf  nPljrlihoilH 
(tuntisllTi.  lienuitoxTHn,  emln).    tu  TubprruloiH  ITmpb-i 

Illoild-VnBds  atthB  pertphfTy;   ll.  Vtrlns  HIMWC  WAIIS  are  Uii' >t-uiru    i.j    muci.  imms  KKUiu-^n-'  ..;~-.- 

Inn.T  Imyt-ni  ot  tchli'li  abuw  nuealloD ;  r,  tat  llssuv.    X  SS; 

The  exudative  inflammation  accompanying  the  lymphogenous  *o^ 
hsematogenous  eruption  of  tubercles  is  sometimes  more,  sometiui-s  If^ 
pronounced,  and  is  lutnally  most  severe  iu  the  meninf^-sand  in  the  Iiiup- 

8hoidd  a  tuberculous  focus  in  the  lung  break  iuto  the  bnim-bi,  iislbi- 
result  of  the  softening  of  a  casi-oiis  area,  or  if  a  casealing  focus  in  thr 
kidney  should  invade  the  kidney  ■|>el  vis,  thei-ewill  result  a  dissemination 
of  tubercle-bacilli  over  the  surface  of  the  mucous  membranes.  ¥m» 
the  bronchi  the  bjtcilli  spi-ead  iuto  the  tracliea,  larynx,  uioulh-raviii 
aii<l  thence  into  the  alimentarj-  canal ;  through  aspiration  durinsr  <lt*h 
(piick  inspiration,  they  may  I>e  carried  into  other  iiortions  of  the  luri|> 
as  yet  nuafTected.  From  the  kidneys  the  baeilli  may  \»  spniul  tbr<>n|.'li 
out  the  descending  urinary  passages. 

A  secondary  Infection  may  also  result  fniiii  this  spreailin^  of  thi- 
Imcilli,  yet  nidy  a  small  i>ercentage  of  the  t>aciUi  thus  distribated  p^'- 
rise  to  an  infection ;  and  exiierience  has  taught  ns  that  only  cert.iin  I"" 
tioutiof  the  mucous  membranes  are  susceptible  to  infect  ion — partionUrlv 
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llie  tousils  iiiid  the  lyiiiphadeuoid  tisniie  of  the  riiiiall  aud  largeiiit«stmes. 

while  the  CESophagiiR  and  »toiimch  iii'e  ahiiost  imiiiuDe;   and  in  the  case 

of  the  descending  urinary  passageK,  the  kidney -])elvis,  the  ureterK,  and 

bhvddei-    are    usually     infected 

while  the  uivthi-ii  almost  always 

remains  uiiinvolved. 

If  tmcllli  enter  the   great 

body-cavltles     thej'    can    also 

'i  spi-ead  over  the  surfaces  of  the 

scroiLs    membnines,    infect    the 

a..  latter,  and  excite  a  diffuse  in- 

tlammatioii  and  foiinatinn  of 
nodules  (Fig.  4«7).  Anew-for- 
nmtion  of  connective  tissue  may 
follow-  later. 

Should  tubercle-bacilli  b«' 
pivseiit  in  the  circulating  blood 
nf  a  woman  during  pregnancy, 
the  infection  of  the  placenta 
and  foetus  may  follow,  so  that 
the  child  will  be  boni  ali-eady 
f  infected.  In  so  far  as  data  con- 
{     ceriung    this    point    exist,  this 

iruco.Ti«.   f.  laiN  e^eid  is  not  of  frequent  occur- 

rence ;  aud  it  is  more  usual  for 

rliiJdirii  uf  luberfuhiuM  jhiithIh  to  bvviime  infected  (ifli-r  birth.     A  concep- 

lional  infection  of  the  embryo  through  infected  semen  has  not  yet  been 

(leuKinst rated,  and  is  very  unlikely. 

Secondary  Infections  aiv  not  infi'e(juentlynssiK'iateilwith  that  caused 

iiy    ttiberclebiwilli,    and 

liii.s    uccui-s    ])arlicHlarly 

«hon   the  disintegmtiou- 

i-.ivitics  or  ulcers  ai-e  ac- 

I'l-ssible     from    without. 

Srriimhiri/  in/ertioMM  of  tii- 

h'TCHloHitltttiffs  are  of  verj' 

fifipicut  occurrence,  and 

arc-    due   particularly   to 

uttfiptoeocH  -and   ataphyla- 

iitcd,  jmcHmocoecij    injlv- 

efi:it-hacilli,    m'fcrococcws 

tplraffenuH,   aud   bacteriuni. 

ridi.     Many  authors    are 

inclined  to  ivfer  all  s»;vere 

iiitlammatorj'   exudations 

ai-com|>iUiying  pulnioiiary 

I  iilH-n-ulosis  to  such  secon- 
dary infections;  but  this 

is  not   correct  in  ko  far 

tliat  the  fonnation  of  tn- 

Ix-rclcs  by  tubercle- biiciUi 

iiia>-  Iw  a.-companied    by        p„,    ^„^_^^^„^^„^^  „^„u  ,Ma,i«-s  ouid.  ^^im.  a. 

nmilllimatorv    exudations      (*nirp  cif  mbercle:  6.  rrVtot  eplll»lli>ni  chMwmr;   e,  Irm- 

ot     sucli     seierity     that     ^p  netehi-rhoort.   xaw. 
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serous  or  serofibrinous,  or  pure  fibrinous,  or  fibrinopnmlent  exndatts 
may  collect  in  large  quantities  in  the  tissues  (in  the  pulmonary  alYe«»)i. 
on  the  pleura,  and  in  the  subarachnoideal  space,  etc.)-  A  hi^h  (septic 
fever,  rapid  destruction  of  tissues  with  a  tendency  to  suppuration,  and 
an  unusually  severe  inflammation,  in  part  of  a  hflemorrhagic  character 
point  to  a  secondary  infection.  Nevertheless,  it  is  often  impossible  h> 
determine,  without  a  special  investigation  directed  to  this  point,  w^hetber 
a  pure  tuberculosis  or  a  mixed  infection  is  present. 

For  the  treatment  of  tuberculosis  with  bacterial  extracts  andenraiive 
serum  see  §  32. 


Tlie  question  as  to  how  often  tubercaloste  la  transmitted  by  the  ymnrnwigr  of 
bacilli  from  the  mother  to  the  child  is  still  an  open  one.  It  has,  howeTer,  br-r. 
shown  by  tkhirwrl,  Birrh'IHrschfdd^  and  Landauzy  that  in  cases  of  miliary  t1lbe^cuk*^> 
in  pregnant  women,  tubercle  bacilli  are  present  both  in  the  intervillous  spaces  and  h 
the  blood  of  the  chorionic  vessels,  and  that  the  liver  of  the  foetus  may  contain  bsdlli. 
Further,  cases  of  tuberculosis  of  the  placenta  aiso  occur  {Sehrnorl,  Kockel^  Xwn^v^*:, 
War  thin  and  Oowie),  which  may  be  regarded  as  stages  on  the  way  of  tlie  tubeitic 
bacillus  from  the  mother  to  the  feet  us. 

Cases  of  tuberculosis  occurring  at  an  early  period  of  life,  reported  by  Demy^' 
Baumgai'ten,  KiUiet,  Charrin,  and  others,  as  well  as  the  statements  of  Armauni,  I^'r- 
douzy^  and  Martin^  that  the  inoculation  of  portions  of  the  organs  of  human  fcetu<!4^ 
obtained  from  tuberculous  mothers  produced  tuberculosis  in  guinea-pigs,  speak  in  fav^r 
of  a  passage  of  tubercle-bacilli  from  the  mother  to  the  fcetus.  Still  more  important  arv 
the  experimental  investigations  of  de  Bemi  and  Gdrttier,  who  succeeded  through  the  io 
oculation  of  pregnant  guinea- pigs,  white  mice,  and  rabbits  in  producing  tuberculosis  ia 
a  part  of  the  young  bom  of  these  animals.  Odrtiier  is  consequently  of  the  opinion  tba: 
under  certain  conditions  tubercle- bacilli  may  pass  from  the  mother  to  tlie  foetus  in  tii<: 
case  of  both  ani  mals  and  man.  Finally,  MaffucH  and  Bavmgarten  succeeded  in  effecting 
a  transfer  of  tubercle-bacilli  to  impregnated  hen's  eggs,  and  discovered  that  the  infec- 
tion did  not  disturb  the  development  of  the  chick,  but,  on  the  contmry,  the  bacilli  that 
were  taken  up  by  the  embryo  remained  in  the  tissue  of  the  latter  without  muItiplyiDir 
to  any  extent,  later  to  cause  a  tuberculosis  in  the  body  of  the  hatched-out  chick.  Ac- 
cording to  the  evidence  of  anatomical  investigations  a  placental  tranmni^an  <if  tnlkr- 
culons  to  the  Mid  cannot  be  doubted.  On  the  other  hand,  a  conceptional  transmissdoD 
of  tuberculosis  from  the  father  to  the  embryo  has  not  yet  been  proved.  Moreover,  ac- 
cording to  th  ^  investigations  made  up  to  the  present  time  it  may  be  emphasized  that 
tuherculosis  is  to  be  referred  vsttally  to  an  extrauterine  infection  and  that  children  *^f 
tuberetiloue  parents  suffer  from  tuberculosis  so  frequently  because  they  are  mare  erpftte*^ 
to  an  infection  vnth  tnbereuUms  than  are  the  children  of  healthy  parents.  An  especial 
predisposition  to  tttbereuUms  in  the  eliildren  of  tid>ereulous  parents  has  not  yet  beto 
demonstrated. 

In  animals  a  transmission  of  tuberculosis  to  the  feet  us  seems  occasionally  to  occur, 
according  to  the  reports  of  Zippelivs,  Jessen,  Pats,  Orothans,  Malwz,  Lydtin^  Broftritr. 
Adams,  and  others.  Johrie  was  not  only  able  to  demonstrate  in  a  fcetal  calf  the  pre^ 
ence  of  miliary  nodes  and  larger  nodules  in  the  lungs,  liver,  and  various  lymph-glands, 
but  also  to  show  the  presence  of  characteristic  bacilli  in  the  lesions. 

From  the  side  of  clinicians  and  physicians  the  so-called  scrofula  has  been  many 
times  regarded  as  an  especial  pathological  condition  of  the  organism  of  the  child,  pn.* 
disposing  it  in  an  especial  degree  to  tuberculosis.  As  scrofulous  are  regarded  those 
children  who  permanently  or  at  least  very  frequently  suffer  from  inflammations  of  thr 
mucous  membranes  (nose  and  its  accessory  cavities,  conjunctiva,  middle  ear),  as  well  as 
of  the  skin,  also  from  swelling  of  the  lymph-glands  leading  occasionally  to  necrosis  and 
suppuration,  finally  also  from  chronic  inflammations  of  the  bones  and  joints,  and  who 
present  a  flabby,  pale,  often  bloated  appearance.  In  many  cases  these  symptoms  an* 
due  to  tuberculosis;  in  other  cases  they  are  caused  by  an  infection  with  streptococci  ur 
staphylococci,  or  are  the  results  of  syphilis.  Scrofula  is  not  a  disease-entity,  but  is  only 
an  especial  symptom-complex  belonging  to  different  diseases.  Whether  the  affectt^ 
children  possess  an  especial  predisposition  to  all  these  infections  which  may  be  desigxiated 
as  scrofula  is  difRcult  of  proof.  The  organism  of  the  child  is  in  general  easily  infectc*! 
by  these  agents,  and  the  frequent  illness  of  certain  children  due  to  these  infections  m^y 
be  referred  to  a  lack  of  cleanliness,  or  to  especial  conditions  of  the  environment  trf  tlii- 
child,  or  to  frequent  injuries,  etc.,  as  well  as  to  an  especial  predisposition  of  the  cliild 
itaelf. 
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T'nn  Behring  haa  in  recent  ^ears  upheld  the  view  that  tuberculosis  is  almost  al- 
nay.s  the  result  o)  bacilli  entering  through  the  intestine  in  infancy,  and  tbat  latei 
.nfecliuns  play  a  wholly  subordinate  r6le.  Tliis  theory  is  correct  in  so  far  as  the  long- 
KiiuH'n  fact  is  concerned,  that  tlie  intestine  of  infants  takes  up  the  baciUi  more  easily 
ilian  the  adult  intestine,  and  that  the  infection  is  not  always  manifest  at  the  point 
:hrougli  which  the  bacillus  enters,  but  develops  first  in  those  organs,  the  lymph-nodes, 
ungs,  brain,  bones,  etc.,  to  which  it  has  been  carried  bv  the  blood  or  lymph.  Infcc- 
:ion  with  tubercle-bacilli  may  occur  at  any  age.  Furtlier,  the  primary  intestinal  in- 
■--■"-  ■ ^t  the  dominating  one,  but  tlie  infection  of  the  respiratory  tract  ia.     The 


;iI1cr  results  usually  from  the  direct  entrance  of  the  bacilli  into  the  respiratory  paren- 
-hyma.  Primarv  infection  of  the  nose,  larynx,  trachea,  and  bronchi  also  occurs,  but 
-s  relatively  mucn  less  frequent  than  tlie  primary  lung-aPfection. 

Calm^ie'a  view  of  the  intestinal  organ  of  anthracosis  has  also  been  turned  as  an 
irgument  favoring  the  ingestion-theory  of  tuberculosis.  Much  has  been  written  upon 
hi.i  subject  during  the  last  several  years,  and  while  the  opinion  of  the  majority  of 
mthologists  favors  the  aerogenous  nature  of  tuberculous  infection  in  late  childhood 
mil  in  adult  Ufe,  the  etiological  importance  of  infection  through  the  intestine  in  infancy 
\:i^  been  increased  to  such  an  extent  tliat  this  mode  of  infection  cannot  be  disregarded 

Tuberctilosis  of  maronMls  is  observed  most  frequently  in  the  case  of  caith,  and 

^resents  in  general  a  course  similar  to  ihat  of  the  disease  in  man,  though  the  grjnula- 
ion-areas  develop  more  frequent- 
y  into  larger  tumor-like  nodules, 
j:irticularly  so  in  cattle,  and  the 
cndency  to  a  general! lation  of 
lie  disease  ia  less.  The  luber- 
'iilosis  of  the  serous  membranes 
vhich  is  often  designated  as  prarl 
lisesse  ("Perhutht  ")  begins 
»i(h  the  fonnatvou  of  sninll  nod- 
dies, leading  then  to  a  more 
narked  proliferation  of  the  con- 
lective  tissue,  giving  rise  to  the 
onnalion  in  the  thickened  serosa 
>f  nodules  of  the  size  of  a  ))ea  or 
>ean  or  even  as  large  as  a  hen's 
■eg  or  man's  ftst  (Fig.  488), 
ihich  in  the  beginning  are  soft 
ind  sarcoma-like,  but  later  be- 
'ome  lirmer  and  denser  and  often 
■iiclose  calcified  areas  ot  casea- 
ion.  The  form  of  (he  prolifcra- 
iiiji  is  sometimes  vlUous-like  and 
varty,  at  other  times  ot  a  mul- 
H-rry-  or  grape-like  form,  cauli- 
loHcr-like  or  even  polypoid. 

Next  to  cattle  the  liog  ia 
nost  frequently  affected  with 
iibtn-ulosis,  more  rarely  the  horse,  goat,  sheep  and  cat.  and  still  more  rarely  the  dog. 

Of  mid  animaU  in  captivity,  trie  ape,  lion,  tiger,  Iwar,  jackal,  panther,  jaguar, 
nraffe,  and  dromedary  easily  acquire  tuberculosis.  Of  the  small  animals  used  for 
\periment  the  guinea-pig  is  the  most  susceptible.  After  subcutaneous  inoculation.** 
Iiere  results  a  progressive  tuberculosis  which  kills  the  animal  in  from  about  four  to 
leven  weeks.  In  rabbits  an  inoculation  tuberculosis  may  heal.  Field  mice  and  white 
nice  are  infected  with  difficulty. 

Tuberculosis  is  of  frequent  occurrence  in  Mrdt  (chickens,  pigeons,  pheasants,  and 
larrots),  and  ia  usually  localised  In  tlie  abdominal  organs. 

The  cultures  of  tubercle-bacilli  from  man  are  dry,  warty,  or  scaly  and  lustreless; 
linse  of  a\ian  tuberculosis  moist,  wrinkled,  and  soft,  and  moreover  grow  best  at  43°  C. 
)ogs  are  wholly  immune  to  avian  tuberculosis,  but  not  to  human  tuberculosis.  The 
nlraperitoneal  moculatlon  of  mammahan  tuberculosis  {Leray)  causes  in  rabbits  numei^ 
>tis  caseous  foci  in  the  liver  and  spleen  with  few  giant-cells  and  scanty  bacilli,  and  in 
he  lungs  niunerous  caseous  nodules  containing  numerous  bacilli.  Inoculations  into 
lic^c  animals  of  chicken-tuberculosis,  on  the  other  hand,  cause  a  scanty  production  of 
lon-caseating  cellular  proliferations  contAining  giant-cells  and  great  numbers  of  bacilli. 

According  to  Majfu^ci,  Marlin,  GriTtner,  and  others,  the  inoculation  of  human 
iilicmiloKis  into  chickens  does  not  produce  tulierciilosis,  but  the  bacilli  remain  alive 
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log,  ^nat,  cat,  hare,  roe,  stag,  and  chamois,  and  it  is  caused  by  different  forms  ofStran- 
rylvs  and  by  Ptevdalius  eapillarU  (Midler);  it  is  therefore  a  vermian  pseudotuberculosis. 
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S  172.  Syphilis  is,  like  tuberculosis,  an  iufectioiLs  disease,  which, 
[>n>ececling  from  a  local  infection,  spreads  throughout  the  organism  by 
Cleans  of  the  blood-  and  lymph-channels,  and  leads  to  the  formation  of 
ocalized  inflammations  and  proliferations  of  granulation  tissue,  which, 
lowever,  do  not  present  so  characteristic  a  structure  as  does  the  tubercle. 

In  1905  Schaudinn  and  Hoffman  announced  the  constant  occurrence  in  syphilitic 
c'^ions  of  a  characteristic  organism.  Control  examinations  of  non-syphilitic  lesions 
ailed  to  reveal  it.  To  the  newly  discovered  parasite  the  name  of  Spirochete  pai- 
Ida  was  given.  Corroboration  of  the  finding  of  Schaudinn  and  Hoffman  was  soon 
orthcomiug  from  a  large  nimiber  of  investigators  in  all  parts  of  the  world.  It  was 
oimd  to  be  constantly  present  in  the  primary  lesions,  in  all  forms  of  secondary  and 
ertiary  lesions,  in  the  blood,  lymph,  and  cerebrospinal  fluid  of  syphilitics,  in  the 
esions  of  congenital  syphilis  and  in  the  blood,  lymph,  cerebrospinal  nuid  and  organs 
>f  cases  of  congenital  syphilis,  and  in  the  placenta  of  such  cases.  It  has  also  been 
lemonst rated  in  the  exj)erimental  syphilis  of  apes  (Metschnikoff).  But  little  evidence 
las  been  brought  against  its  position  as  the  etiological  agent  of  syphilis,  and  the  ma- 
iirity  of  writers  now  accept  it  as  such.  Control  investigations  have  been  particularly 
inanimous  as  to  its  absence  in  non-syphilitic  lesions.  Although  the  organism  has  not 
)een  cultivated  and  the  third  and  fourth  laws  of  Koch  have  not  yet  been  fulfiUed,  we 
ire  justified  from  the  evidence  now  at  hand  in  considering  the  presence  of  the  Spiro- 
hfFte  pallida  as  diagnostic , of  syphilis ^  even  if  we  cannot  show  positively  that  ii  is  the 
ausal  agent. 

The  Spirochate  pallida  is  a  delicate,  non-refractile  spiral  organism,  varying  in 
cngth  from  2-20  /i,  the  average  length  being  about  4-14  /^.  The  spirals  are  tight 
ind  corkscrewlike,  fading  out  at  the  pointed  ends.  They  vary  in  number  from  three 
o  twenty-five  or  more.  The  large  number  of  spirals  in  proportion  to  the  length  of 
he  entire  or^nism  is  xerv  characteristic.  The  whole  organism  is  usually  somewhat 
urved.  Delicate  terminal  flagella  have  been  observed.  The  spiral  form  is  retained 
vhen  the  organism  is  at  rest.  It  has  the  power  of  rotation  on  its  long  axis,  of  moving 
orward  and  backward,  and  of  making  whip-like  undulations.  A  nucleus  has  not  been 
positively  demonstrated.  It  does  not  bear  spores  and  no  evidence  of  transverse 
ii  vision  has  been  observed.  Schaudinn  believed  that  it  possesses  an  undulating  mem- 
)rane.  At  the  present  time  it  is  not  definitely  decided  whether  to  regard  the  organ- 
sm  as  a  protozoon  or  as  a  spirillum.  Schaudinn  favored  the  former  view.  In  accord- 
mce  with  this  belief  the  names  Spironema  and  Treponema  pallidum  have  been  proposed 
or  it. 

The  Spirochcete  pallida  stains  very  poorly,  but  can  be  easily  demonstrated  in 
tmcars  from  primary  lesions  by  staining  with  Wright's  stain,  the  Romanowsky  or  the 
(icnisa  stain.  It  is  very  important  that  the  smears  be  stained  as  soon  as  made;  it 
>ften  cannot  be  found  in  smears  that  are  not  perfectly  fresh.  From  the  Spirochete 
tfringens  it  is  distinguished  by  its  delicacy,  pale  staining,  and  the  number  of  its 
spirals  and  their  tight,  corkscrew  arrangement.  The  refringens  is  larger,  thicker,  more 
-efractile,  stains  easily,  and  has  broad,  loose  wavy  spirals,  and  its  ends  are  usually 
jhint.  Levaditi's  method  may  be  used  for  staining  the  pallida  in  sections.  For  liter- 
iture  concerning  Sp.  pallida  see  Folia  Hcematologica,  1905,  1906,  1907. 

The  poison  through  whose  inoculation  syphilis  is  produced  occurs 
only  within  the  human  organism,  where  it  is  alone  reproduced,  and  is 
communicated  to  other  individuals  only  by  direct  or  indirect  transfer. 
Metschnikoff,  Eoux,  Lassar,  and  Keisser  have  succeeded  in  conveying 
syphilis  to  anthrapoid  apes  (the  chimpanzee)  through  the  inoculation  of 
•syphilitic  tissue.     When  implanted  in  an  organism  the  infective  agent 
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excites  iiifliinitiiiitoty  procefwes  of  the  most  varied  intensity  and  extent— 
from  a  simple  lociil  traiisitorj-  liyperEemia  to  the  production  of  large  ex- 
udates or  tumor-like  grannlatione,  ur  extensive  hyperplasias  of  conuec- 


tive  tissue..    Tlie  child  of  a  mother  infected  with  syphilis  may  receive  the 
infection  throngh  the  placenta. 

If  the  first  focus  of  inflammation  develops  at  the  point  of  infection, 
which  is  usually  located  in  the  skin  or  mucous  membranes   (month, 
throat,  mucosa  of  genital  apparatus),  there  is  fonned  first  a  papnitr 
which  spreads  towa^  the  surface,  and  within  eight  to  ten  <lays  after  it& 
appearance  forms  scales,  or  ulcerates  and  secretes  a  snuill  amount  of 
serous  or  purulent  fluid  which  driw 
to  a  scab ;  at  the  same  time  its  base 
becomes    hardened    and   forms   a 
thick  disc-like  or  a  tliio  parchment- 
like deposit  in  the  skin.     Occasion- 
ally a  vesicle  is  also  formed,  and 
this  becomes  an  erosion,  and  then 
an  ulcer  with  scanty  secretion  anil 
having    an    indurated    base.      Id 
still  other  cases  an   ulcer  is  firrf 
formed,  and  the  base  becomes  in- 
durated subsequently. 

The  induration  is  called  the  in- 
itial sclerosis  or  the  Hunt^riaM  ia- 
Fie.«o,-secMonfn™iiTPhiiitir  intttoi  sriem-     durotimi  (Fig.  489,  &)  ;  the  nicer  is 

iils(»i™iiol,  •lam  cannlnel,    a.Itoun[|.eell  Inllltn.      i,_ „_    „     j, i     _■. irv,. 

Uod:  M«KnnioDnnurl«irtoniultTBo»la;cniDl-       KDOWU      aS    a     nanl     cliaWTf.       TbC 

tinncie^rgiwiiCTite.    X  350.  former  is  caused  essentially  by  a 

collection  of  small  round  crfbi  (  Fip^ 

489,  6;   490,    «)  in  the  spaces  of  the  connective  tissue.     OccaKioiially 

epiOtelioid  cdla  (Fig.  490,  b)  and  iimliiled  giant  ii-Vn  aif  also  fornie<i  •  ■■  >■ 
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"Witli  these  changes  the  height  of  the  process  is  reached;  the  greater  part 
of  the  tissae  disintegrates  and  ulcerates,  or  is  abaorbed  after  disintegra- 
tion.    A  part  of  the  cells  are  atilized  in  the  formation  of  scar  tissue. 

Within  the  area  of  the  initial  sclerosis  and  its  immediate  neigbbor- 
Iiood  the  lymph-vessels  (Fig.  489,  rf,  c)  are  dilated  and  filled  with  leuco- 
cytes. Later,  after  the  laiise  of  a  certain  length  of  time  the  lymph- 
gltindii,  the  skin,  and  the  miicons  membranes  become  involved  in 
inlliimiuatory  processes  (symptoms  of  the  secondary  stsige).  Stilt  later, 
there  follow  syphiliticintlammations  of  the  internal  organs  and  the  bones 
(tertiary  st^e).  These  are  in  part  like  other  non-syphilitic  inflamma- 
tions, but  special  forms  of  grannlation  tissue  are  sometimes  produced. 
The  syphilitic  affections  of  the  skin  which  are  grouped  under  the  term 
Ayphilides  form  sometimes  only  red  spots,  sometimes  larger  or  smaller 
papillary  elevations  which  may  be  associated  with  the  formation  of  vesi- 
cles and  pustules  as  well  as  with  the  production  of  scales.     Accordingly, 


Firj.  IVL— CoDdftoma  latum  uii  (ilcobol.  BInnsrck-brDWD).  a,  HoniT  Isrer:  b.  miidHU  IiTer  at  Uie 
eplderniln;  e.  cerium:  A  looaened  boniT Utm' iQlltreled  wltb  nnall  osIIb:  e.  awollea.  /, iWDlUm  tod  Id- 
nitrainL  muroua  layer;  n,  epitbellal  cells  coDUInldg  round  cells;  h.  gTWiulsr  msisra  at  coikBiila;  t.  swollen 
paplilHrr  bodr  iDllllmed  wllh  colls  and  Ould ;  fi.  norlum,  awollen,  >ad  [nllltraled  wlU  cells,  fluid  and  owg- 
ulatKl  sUminln;  L  dilated  lymph-Tessels  Oiled  Kith  clots:  m,  sweat-glands.    X  150, 

the  different  forms  of  cjitaneous  syphilides  Lave  l>cen  called  by  different 
names,  as  follows:  Roseola  ^phUttica,  and  papular,  vehicular,  puttular, 
and  vJcerative  syphilides  as  well  as  a  psoriasis  si^hilUica,  A  common  ele- 
ment in  all  these  affections  is  a  Inoro  or  less  marked  inflammation, 
which  is  characterized  particularly  by  a  tissue-infiltration  and  in  part 
also  by  proliferation.  Thus,  for  example,  in  the  large  papular  s^kSide 
or  condyloma  latum  then  is  a  beet-like  elevation  of  the  skin  caused  by 
an  infiltration  of  the  papillary  body  (Fig.  491,  i),  the  corium  (k),  and 
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Fin.  48!.— MPplni[rM>nr«ph>]ltlii  nTpblntlra  Knmmnnt    (VOIlrr*!  fluid,  tlcnbol,  bCBHUmllnl    i 
IIMDr»Tlrx', ''•  InniTiiinilnirni:  r.  vrln  RUmiuDiln]  bri^llubr  eiuiUb-.  <l.  ttaOt  (vOdUt  |cnuk& 


IMi'ki'nHj'inUinii  ind  tidvmtluii  InaitnM  w 
InflltrMliHi 


„  Fio.  4B3.— Byphllla  ot  Ihe  skull-c«j>.     o. 
Utrnlloii  or  Ihi-  nurrnii.-    rf    nivrollc  mHllnl 
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ilso  the  epithelium  («,  /,  g,  h)  with  cells  and  a  fluid  exudate  which  coagu- 
lates, causing  hardening  of  the  tissue.  If  the  horny  layer  of  the  epider- 
iuis  becomes  macerated,  these  masses  of  exudate  may  appear  upon  the 
Hirface,  and  give  rise  to  a  moist  condition  of  the  condyloma.  In  the 
pustular  syphilides  the  inflammation  leads  to  a  purulent  liquefaction  of 
the  epithelium,  and  in  the  ulcerating  forms  also  of  the  papillary  iMKly 
lud  of  the  corium,  so  that  ulcers  result. 

Inflammatory  changes  similar  to  those  in  the  skin  appear  in  the 
secondary  stage  of  syj^hilis,  also  in  the  mucous  membranes,  i>articularly 
of  the  mouth,  throat,  and  respiratory  passages. 

The  syphilitic  lesions  of  the  tertiary  stage,  appearing  in  the  internal 
organs,  in  the  glands,  bones,  muscles,  subcutaneous  and  submucosal  tis- 
sues, in  the  meninges  of  the  brain,  etc.,  in  so  far  as  they  consist  not  only 
of  slight  degenerative  and  inflammatory  processes  or  hyi)erplasias  of  con- 
nective tissue  without  characteristic  features,  appear  as  formations  which 
are  usually  designated  as  fi^ummata  or  as  syphilomata  ( Virchow).  In 
its  early  stages  the  gumma,  as  well  as  the  broad  condyloma,  represents 
an  inflammatory  process  localized  to  one  tissue-area;  but  the  gumma  is 
usually  more  rich  in  cells  and  undergoes  in  part  a  suppuration  or  cheesy 
necrosis  (Pig.  492,  <?,),  while  in  other  portions,  particularly  the  periph- 
eral, granulation  tissue  {d)  and  later  connective  tissue  (di)  are  devel- 
oped. The  gumma  occurs  particularly  in  the  periosteum  (Fig.  493)  and 
membranes  of  the  brain  (Pig.  492),  as  well  as  in  the  parenchymatous 
organs  of  the  abdomen,  especially  in  the  liver  (Fig.  494,  «,  ft),  spleen, 
and  in  the  testicles. 

In  the  meninges  of  the  brain  and  spinal  coitl  syphilitic  inflammations 
lead  in  part  to  cicatricial  thickenings  and  in  part  to  the  formation  of  en- 
capsulated caseous  masses.  Periosteal  syphilis,  which  occura  most  fre- 
quently in  the  flat  bones  of  the  skull-cap  (Fig.  493),  and  often  in  the 
facial  bones,  and  the  great  long  bones  (the  tibia),  and  may  extend  over 
the  greater  part  of  the  skeleton,  shows  likewise  the  chai^acter  of  a 
gmnnlomatous  inflammation  which  leads  to  the  formation  of  scar-tiss^ue 
and  new  bone,  so  that  osteophytes  or  hyperostosis  may  result.  Tne 
severe  forms,  as  represented  by  the  formation  of  gummata,  have  a  •de- 
structive action  upon  the  bones  and  lead  to  caries  and  necrosis.  The 
fresh  inflammatory  focus  api)ears  as  a  gray  translucent,  yellow  or  grayish- 
^vhite  pus-like  focus  surrounded  by  hypersemic  tissue,  having  its  seat  in 
the  periosteum  from  which  it  may  also  extend  to  the  marrow.  The  yel- 
lowish foci  consisting  of  masses  of  small  cells  (Fig.  493,  v)  may  die,  the 
cells  losing  their  nuclei  (<Z),  and  in  such  places  necrosis  of  the  bone  may 
also  result.  In  living  periosteal  and  endosteal  tissue  there  occurs  a  new- 
formation  of  connective  tissue  (e^,  /),  which,  with  the  formation  of  multi- 
nucleated osteoclasts  {g)  and  the  formation  of  Howship's  lacunre,  leads 
to  destruction  of  the  bony  trabeculae.  In  the  case  of  a  healing  of  the 
process  this  connective  tissue  may  be  again  changed  into  bone. 

In  the  liver  the  syphilitic  lesions  lead  to  the  formation  of  radiating 
connective-tissue  scars  (Fig.  494,  ft,  c,  d),  which  often  enclose  cheesy  rem- 
nants of  the  original  inflammatory  focus  (a),  that  is,  a  caseous  gumnuu 
The  process  is  similar  in  the  other  organs,  for  example,  in  the  testicles 
and  in  the  spleen. 

The  disintegration  of  syphilitic  foci  of  the  skin  and  subcutaneous  tis- 
sue, as  well  as  of  the  mucosa  and  submucosa,  leads  to  the  formation  of 
ulcers,  which,  in  the  case  of  the  mucous  membranes,  occur  jnost  fTO- 
qnently  in  the  region  of  the  mouth,  throat,  and  the  upper  respiratory 
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lie  bones  may  sbov  circnmscribed  ue- 

rotic  foci  or  inflammatory  cvllular  iiitil- 

ratioiis.     The  spleen  ia  usually  more  or 

'.sa  ciilat^e<1,   and  iu   individaal  cuses 

lay  attain  ten  times  its  nonual  volatne. 

11  the    liver  there  occur  intravascular 

nd    p«rivascalar  collections  of   round 

cll^  which  oft«ii  collect  in  small  closely 

■acked  foci;  associated  with  these  there 

■i  ik    periportal  new-formation   of  con- 

eetive  tissne.     There  is  also  a  diffuse 

yporplasia  of  connective  tissue  throngh- 

ut  the  entire  liver  (Fig,  496,  a,  b),  giv- 

iig  to  the  organ  a  lirm  consistence  and 

.  peculiar  yellowisli -brown  color.     Fur- 

lier,  theix;  is  also  a  proliferation  of  eon- 

lective  tissue  limited  to  the  periportal 

issue.     Thehingsmay  present,  throngb- 

■at  or  in  part,  a  dense  gray  or  grayish- 

vliite  structure  resembling  that  of  Bar- 

•oma  tissue.     This  appearance  is  due  to 

he    formation  in  the  altered  area  of  a 

■ellular  connective  tissue  (Fig.  497,   a, 

>)  which  contains  only  imperfectly  de- 

.eloped  alveoli  (e,  eS  and  bronchi  (d,    ,  Tia.  jai-syptiiiiuc  ui(«ntioD  ot  (be 

J,)  or  none  at  all.     In  eases  of  slight    lS3?i;;ri,S?T;;S^'r'r"ISI^eSS,lrS3 

^verity  there  exists  only  a  thickening    ^HK^'d^iS; ^iffilSS'^ 

lit   the  peribronchial  and   perivascular    uw  leit  wau  of  the  i»rjn»  und  tuo  iuj»- 

I  issue  and  interalveolar  septa,  in   part  >      i  m~.  ~— 

associated  with  an   accumulation  of   desquamated  epithelium    in    the 

alveoli.     In   the   kidneys  and  testicles  the  supporting  connective  tis- 
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stif  uiiiy  likewise  tie  inrrettisefl  id  plaves.  au<l  abnummlly  fuii  in  n-lk 
SjrpAitia  alMt  h/I^h  miMfs  ta  ^M^M^ar  w^sm  a  patkatogteal  derdof^'^i 
w^'  fit*  ruNMrffirr-tMm^  f/'-Mr«ta  aad  rodcvtMiu  ojf  eWI^  while  the  r|>i- 
thelitil  tissoeA  are  rvtanled  in  tbeir  derelupnieul.  Id  the  Hood  ibr 
naniUr  t>t'  white  tsvrpoiM'ks  appears  often  to  be  inrrease<L    Fimliy. 


tlkerv  u»ll  iufrvmwnrly  oev'tir  in  tl»  Nmes  Jidiu^^nfra  tt{  niirifir^ 
itaaifkvtio»,  wtuk-fa  !kiv  chikRKEvrizvd  ehirtly  bj  irrepolarity  in  the  funaa- 
titKL  Di  tb«  mntitUarr  c»TtlT  aui  in  nhv  t^pu^it  of  IiBie-tiiklts  in  tbcor 
nlufce.  auiU  letui  e»  dtstarlMtiii.-e&  ia  thie  .scmetnrv  »f  the  ^abctoodru 
s^foatcy  lK'at^^wb^tUIIl,-e.  Thi»a)rft  thl^  fomuuiiia  •>['  ;n^uiBlaI>>iti-tcMW 
prt>iaVrMi>>ai>  wtiK-h.  autier^)  >w<wu<i»  iuH'r«wii<t  ku^vr  ifeftwrs  iu3Yin<r 
lu  thw  buuv  ^>uib«Cuw.-v. 

It  h»«  b«<tD  K«mwf!  br  macv-  suriion  >^C  sTpluli;  laa  be  rntaaurr^  ''  '  ' 
finfuf  nut  imly  rliiwieii  :tni  murher  but  jJbo  ipim  tii«  ^cher  thr-xiai  'hir  -pnE.  ^^ 
riiiit  Mie  latlvr  a\rnu  .-an  iwvur  witiinut  'he  muriwr  benioiiij^  ^nfrr-wi  %:'n  "Tr*—' 
M  uaxiii'.r  upiABws  -iiis  view  3itJ  'ketares  rhat  an  .■limi-al  ■»b«mnia»  »ti;  '  - 
itv-'luiiu  'iti>  ■raiit<iii>«4ua  <ii  'jue*  rfar>nii^  ~tM  nuttier.     ';~ei;  i  I*^. 

V.vur-iinc  'u   y;usi.-n.w     i*.W.    iip'i.    H'wi..    I'M*'.   TI" inwiii m"      mtaoK^-'-'' 

bimiimt ''  'i->t  ''If  ••vrtiiiiio  '{s  rvluti'ii;,  :ii  rhat  ir  aevi-r  j'-ps  mnHii'-e  Smaiw  3  ■-.•■  ~'- 
tatiii  iiHjvni-v  li  syniii\iB~  • 'umpk-owtir  ii^  :iuiit*i  -,r  la  inaro^T  amm  jboaeii  ~ '- 
apiv  tiwviuuBly  Ttntii"!  s:i:i  •irKaii-Hi*\'ra».-'s  .ir  ■wmm  mm  x  ^rrttulmr  man.  A"  ' 
urrfaui  Miiw  "liu  iwr-im  MiitB  'tmnfl  is  T-MV"!  wTth  4a  ■natrivp  -jp^tiJir  ^bbdi"  ' 
*r»iin  uiii  lis  I'lfvsptitniiim  -r-i  .tLIi-  'ii  -*r^    f  fhif  '.-ijmpleowac  af  «>  iW  »  -'"' 

M  *yij(Mluj«  matunai. 
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Doutrelepont:  Syphilis  u.  Smegmabacillen.    Vierteljahrsschr.  f.  Derm.,  xiv.    1887; 

Streptokokken  u.  Bacillen  bei  heredit&rer  Syphilis.     Centrbl.  f.  Bakt.,  ii.,  1887. 
J,  Duriiig>:  Hereditare  Syphilis.    Eulenburg's  Kealencyklop.,  1895  (Lit.). 
Bhrmann:  Initialsklerose  des  Penis.    A.  f.  Derm.,  68  Bd.,  1904. 
Bichhorst:  Elephantiasis  syphilitica  der  Lippen.     Virch.  Arch.,  131  Bd.,  1893. 
E'inger:  Die  Syphilis  als  Infectionskrankheit  vom  Standpunkte  der  modemen  Bakte- 

riologie.    Arch.  f.  Denn.,  xxii.,  1890;  Die  Syphilis  u.  die  venerischen  Krankheiten, 

Wien,  1901;   Die  Vererbung  der  Syphilis,  Wien,  1898  (Lit.). 
Roomier:  Die  Vererbung  der  Syphilis,  Wien,  1894;  Syphilis  hereditaria  tarda.  Wien, 

1894. 
Seeker:  Beitr.  z.  Hist.  u.  Path.  d.  congen.  SyphiHs,  Naumburg,  1898,   u.  D.  med. 

Woch.,  1902. 
Seller:  Die  Limgenerkrankung  bei  angeb.  Syphilis.    Deut.  Arch.  f.  klin.  Med.,  1887. 
Seller,  J. :  Syphilonychia  hereditaria.     A.  f.  Deiro.,  65  Bd.,  1903. 
lochainger:  Studien  tiber  die  hereditftre  Syphilis,  i.,  Wien.  1898  (Lit.). 
Sugel  u.  Holzhauaer:  Syphilisimpfungen  am  Thier.     Arch.  f.  Derm.,  50  Bd ,  1900. 
Sutinel  et  Hudelo:  £t.  sur  les  lesions  syphilitiques  du  foie  chez  les  foetus  et  lea  nou- 

veaunds.    Arch,  de  m^d.  exp.,  1890. 
Cassowitz  u.  Hoch8mg*er:  Ueber  einen  Mikroorganismus  in  den  Geweben  hereditftr 

syphilitischer  Kinder.    Wien.  med.  Blfitter,  1886. 
[*ang:  Vorl.  ttb.  Pathol.  u.Ther.  d.  Syphilis,  Wiesbaden,  1896. 
:iang  u.  TJUmann:  Syphilis.    Ergebn.  d.  allg.  Path.,  v.,  1900  (Lit.). 
Masseur:  Impfversuche  an  anthropoiden  Affen.     Berl.  klin.  Woch.,  1903. 
[loatgrarten:  Syphilisbacillen.    Wien.  med.  Woch.,  1884;  Die  Syphilisbacillen,  Wien, 

1885. 
ICarkiuBe:  Stand  der  Syphilis-  u.  Smegmabacillen.    Vierteljahrssclir.  f.  Derm.,  xv., 

1888. 
Katzenauer:  Die  Vererbung  d.  Syphilis.    A.  f.  Derm.,  Ergfinzungsh.,  1903. 
Ifauriac:  Lecons  sur  les  malailies  v6n6riennes,  Paris,  1890. 
Ketschnikoff  et  Roux:  Et.  exp^r.  sur  la  syphilis.    Ann.  del'Inst.  Pasteur,  1903,  u. 

D.  med.  Woch.,  1904. 
Heyer:  Syphilis  d.  Centralnervensystems.    CJbl.  f.  aUg.  Path.,  ix.,  1898  (Lit.). 
MCracek:  Atlas  der  Syphilis,  Mlincnen,  1898. 

MLiuicheimer:  Die  extragenitale  SyphiHs.    Arch.f.  Derm.,  40  Bd.,  1897  (Lit.), 
ifeisser:  Uebertragung  d.  Syphilis  auf  Affen.     D.  med.  Woch.,  1904. 
ifeumann:  Die  Vererbung  der  Syphilis.    Arch.  f.  Denn.,  xxiv.,  1893. 
^aris  et  Salomon:  Org.  h^matopoi^t.  chez  Tinf.  syph.    A.  de  m^.  cxp.,  1904. 
Procksch:  Die  Literatur  (iber  die  venerischen  Krankheiten,  Bonn.  18n9--91. 
Etumpf:  Die  syphilitLschen  Erkrankungen  des  Ner\'ensystems,  Wiesbaden,  1887. 
Stroebe:  Zur  Histologic  d,  congen.  Nieren-  u.  Lungensyphilis.    Gbl.  f.  allg.  Path.,  ii., 

1891. 
Surico:  Ia  Sifilide  congenita.    Giom.  Ital.  della  Mai.  Ven.,  1900. 
(Tircliow:  Die  krankhaften  Geschwiilste,  ii. 

WaeUch:  Die  Bacillenbefunde  bei  Syphilis.     A.  f.  Derm.,  68  Bd.,  1904  (Lit.). 
^assermann.  Keisser  u.  Bruck:    Eine  Serodiagnostische   Reaction  bei  Syphilis. 

Deut.  med.  Woch.,  1906;  Z.  f.  Hyg.  u.  Inf.,  55  Bd.,  No.  3. 
Seissl:  Syphilis.    Eulenburg's  Realencyklop.,  xxiii.,  1900;  Lehrb.  d.  vener.  Krankh., 

1902. 

§  173.  The  Bacillus  leprae  (described  by  Neisser  in  1879  and  1881, 
md  by  Arraauer  Hansen  in  1880)  is  a  small  slender  bacillus,  from  4  to  0  /* 
long.  It  is  regarded  as  the  cause  of  leprosy — also  called  elephantiasis 
Grcecorum.  It  is  found  constantly  and  in  great  numbers  in  the  diseased 
tissues  (Figs.  498,    499,  500) 

The  foci  of  disease  in  leprosy  are  in  general  characterized  by  a  pro- 
liferation (Pig.  498)  which  consists  of  cells  of  different  sizes  and  of  a 
fibrous  ground  tissue.  The  bacilli  lie  sometimes  between  (e),  sometimes 
in  the  cells  (c,  d),  and  in  the  latter  appear  usually  in  such  great  uumbeis 
that  the  cells  may  become  greatly  swollen  (e?)  and  in  part  become 
phanged  into  mono-  and  multinuclear  giant-cells  (Fig.  499).  The  latter 
occasionally  enclose  large  vacuoles  which  contain  great  numbers  of  bacilli 
IS  well  as  the  granular,  thready  detritus  of  the  liquefied  protoplasm, 
riie  nuclei  remain  preserved  for  a  long  time,  and  are  pressed  to  the  pe- 
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ripbery  by  the  vacuoles  conlaining  the  bacilli.  I^ter  tbeyare  destroyed. 
Ki>  that  the  entire  cell  becomes  changed  into  a  vacaole  coDtaining  bacilli 
("Fig.  4!H>).  ThecellHin  which  the  bacilli  lie  are  in  part  the  uripiinl 
cells  of  the  tissue,  aod  ia  part  iiewly  formed  cells. 


The  bacilli  are  saironnded  by  a  slimy  envelope  (Neiseer),  and  nad 
to  staitis  in  mnch  the  same  manner  aft  do  tobercle-bacilli.  llie  same 
staining  methods  may  therefore  be  used  for  the  former  as  for  the  latter. 
The  stained  bacilli  often  show  clear  spots  or  appear  as  if  made  np  et 
stained  grannies. 


Via.  .VOL^-SccUoa  UitouKti  ■  lapnna  docIu]c  of  Ui 

-.,.,..,^.-.  ^  . . ..        ■rbbocbciodo(u»tatT.foUtri»;r ,.    ,.,, 
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Attempts  to  cnltivate  lepra  bacilli  have  led  to  no  important  reanlts, 
siuce  tlie  bacilli  obtained  in  the  cultures  could  not  positively  be  identi- 
fied as  lepra  bacilli.  In  the  transplantation  of  leprons  tissues  into  ani- 
mals there  occurs,  of  course,  a  transplanting  of  the  bacilli,  but  the 
latter  do  not  multiply  and  no  progressive  disease  results. 

The  infection  of  man  takes  place  by  a  direct  or  indirect  transfer  from 
individual  to  individnsd.  The  nasal  secretion  is  especially  infectious 
(^Sticker),  particularly  when  leprous  suppurations  are  present  in  the 
nose.  In  tlie  case  of  leprous  affections  of  the  respiratory  tract  tlie  spu- 
tum may  contain  bacilli ;  and  in  the  formation  of  nodules  and  ulcers  in 
the  skin  the  secretions  from  the  latter  may  also  contain  the  bacilli. 
Contagion  seems  to  result  most  frequently  from  the  nose  (Sticker) ;  in 
favor  of  this  view  speaks  the  fact  that  the  anterior  nasal  region  is  usu- 
ally involve4l  very  early.  The  baeilli  are  spread  throughout  the  body 
chiefly  by  the  lymphatic  system ;  but  they  may  also  get  info  the  blood- 
st  ream. 

Besides  the  nose,  the  skin  and  the  peripheral  nerves  are  chiefly  con- 
cerned in  the  disease;  but  the  bacilli  may  multiply  in  other  tissues,  as 


FlO.  501.— Leontluli  lepiuaa.    (After  G.  Hlbieh.) 

in  the  testicles,  liver,  in  the  ganglia,  and  in  the  spleen,  thereby  giving 
rise  to  foci  of  disease  in  the  organs. 

At  the  place  of  colonization  the  bacilli  excite  inflammation  with  tis- 
Bne-proliferatiou.  Granulation  tissue  containingblood-vessels  isformed; 
this  remains  for  a  longtime  in  a  condition  which  is  characterized  by 
^reat  richness  in  cells,  and  forms  the  basis  for  nodules  and  tumors  in 
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the  skin  anil  iioso  aud  for  spindle-shaped  tbickcuiugs  of  the  nenes,  and 
in  the  ciiiiHtMif  the  irrifatioii  iiiid  l;ner  of  the  ileKeneralioii  and  destnii- 
tioii  of  the  iierve-fibrf^  The  bacilli  and  the  tissue -proliferations  caiLviJ 
by  their  multiplication  often  proup  themselves  in  the  skiu  about  the  hair- 
folliclea  (Fig.  500,  d),  the  ducts  (/).  and  the  coil  (g)  ot  the  sweai- 
glands,  but  such  a  relationship  is  not  always  to  be  seen  (h).  Moreover, 
the  bacilli  may  penetrate  into  the  hlood-vesaels,  the  hair-follicles,  ami 
flweat-trlands  (Toiiton),  and  thence  on  to  the  surface  of  the  skin.     Infrv- 


no.  :te.  -  Lrm  uunUiMIn  uimm  uf  tlie  Itv  lad  fuut.    (After  li.  xancli.) 

tiou  of  the  arterial  walls  muses  a  proliferatiug  arteritis,  by  which  Ibe 
«'alls  become  gi-eatly  thickeued  aud  the  lumina  narrowed.  In  the  ner- 
vous system  the  baciili  ai-e  found  both  iu  the  couuective  tissue  and  in  tlje 
nervous  elements,  particularly  iu  the  gaugliou  cells  (Sudakewitsrh<. 
The  cells  occupied  by  them  uiidet^  degeueratiou  iu  the  conrse  of  timi', 
occasioually  with  hydropic  swelling  and  the  formatioD  of  vacuoles. 

The  tissue-prolifenitioiis  caused  by  the  growth  of  the  baciili  m-ij 
almost  wholly  disappear  through  the  disinl^ration  and  absorption  of  llie 
cells  after  the  condition  has  lasted  for  years;  bat  there  always  remain 
indurations  rich  in  cells  and  pigmeutations  in  the  skin.  Caseation  ufvcr 
takes  place. 

I^roxg  of  lAe  akin  occurs  especially  iu  the  fiu-e,  on  the  exteasor  sur- 
face of  the  knees  and  elbows,  as  well  as  on  the  back  of  the  bands  ami 
feet.  It  begins  with  the  formation  of  red  spots  which  either  vanish,  leiv- 
ing  pigmented  Bpots  behind,  or  become  elevated  iuto  nodules  of  u  bni'"- 
ish-reil  color  (^Ifpra  tuberosa  mre  tabereitlota  aire  HodoMt).  In  the  rfgii>ii 
of  the  reil  spots  the  tissue  eontaius  large  nnmbers  of  bacilli  \  Philiiw*  . 
which  fur  the  most  part  lie  withiu  the  vessels,  aud  already  at  this  sta^tr 
the  proliferation  of  the  tissue  can  be  demonstrated.  According  t"  iIk' 
investigations  of  Muller  the  vesicular  eniptions  which  occur  ia  lepirw', 
an<t  were  formerly  n^rded  as  the  seqaelie  of  the  leprous  disea^  of  dtr 
nerves,  are  caused  by  the  presence  of  the  bacilli. 

The  nodules  may  remain  unchangcil  for  months  or  they  may  inftv**- 
iu  size  and  become  confluent,  so  that  very  htrge  protaberauces  may  tv 
formeti,  which,  because  of  the  distortion  of  the  face  thereby  tx'*'a.*ii>i<i^- 
ha\e  given  occasion  for  the  designation /r<:v8  ifontina  (Fig.  5«l). 

Through  external  iHltue»c*m  ulcers  may  be  prodncetl  which  sho*  H" 
tendency  to  healing.  Sew  nodules  appear  occasionally  following  «>- 
sipelatous  reddenings  and  swellings  of  the  skin.  The  glands  of  the  >«)>- 
maxillary  and  inguinal  region  swell  to  form  very  lai^  itodules. 

T^rtmi/  of  the  nerren  { lepra  urrromm  nire  tnuntketira)  leads  firs*  I" 
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liyiiefffistliesia  and  paiii,  later  to  antesthesia,  more  rarely  to  motor  jiaraly- 
ses  in  the  reyiou  of  tlieaffected nerves.  The  further  coiiaequeiiees of  the 
UiseiVNe  of  the  nerves  are  disturbances  which  express  themselves  in  the 
skill  by  the  lormatioa  of  white  and  brown  spots  (lepra  vuicidoaa,  macuh- 
anatstfietfca,  morphwa  nigra  ti  alba),  and  in  the  bones  and  muscles  by 
atrophy.  Since  those  sntferiii(;  fmni  the  disease  are  likely  to  injure 
th«-iuKelves  after  the  appearance  of  antcstheNia,  nleei-s  arc  often  formed 
at  a  lat*-r  period  (Figa.  502,  503)  which  cause  deep  erosions  and  may 
lead  to  the  loss  of  entire  phalanges  (lepra  mutilaiu). 

Leprosy  of  the  skin  and  of  the  nerves  arc  usually  combined;  more 
larely  do  they  occur  alone.     Besides  the  nose,  skin,  and  nerv^^s,  the  cen- 


Til..  SIB.— LepraanLoIiiPllrannitltans.    Partlalili-nriiillimotlbennirers;  ulcrrs In itte hand.    (After 
K.  Munrh.l 

tral  uervous  system,  mucons  menibraues,  cornea,  the  eartila^es,  liver, 
liiiifrs,  spleen,  lymph-glands,  and  the  testicles,  become  diseased. 

la  Europe  leprosy  is  confined  mainly  to  Norway,  Sweden,  Finland, 
the  Baltic  Sea  provinces  of  Russia,  and  the  coasts  of  the  Mediterranean ; 
but  occurs  sporadically  in  other  regions.  It  occurs  very  frequently  in 
Hindustan,  Chiua,  Sumatra,  Borneo,  Java,  and  Mexico,  on  the  northern 
and  eastern  coasts  of  South  America,  in  Upper  and  Lower  Goinea,  iu 
Cape  Colony,  and  on  the  northern  coast  of  Africa. 

Lepro^  is  prevnlent  in  Mexico,  the  West  Indies,  and  in  the  Philippines,  and  cases 
lire  found  in  New  BruiMK'ick  and  other  parts  of  Ciinoda.  Cases  are  also  scattered 
lliroughouC  tliel'itited  t^tates,  the  ntust  important  centres  being  in  Louisiana,  Colifor- 
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The  glanders  bacilli  are  very  small,  slender  rods,  which  occur  in  the 
diseased  foci,  sometimes  scattered,  sometimes  lyiDg  together  in  small 
clomps.  Alkaline  methylene-blae  or  gentian-violet  is  employed  es- 
pecially for  their  staining. 

The  l>acilli  are  present  chiefly  in  the  glanders-foci,  but  at  times  appear 
Id  the  blood  of  the  affected  individual  (Loffler,  Kitt). 

The  bacilli  grow  at  a  temperature  of  30''-40°  C.,  upon  copulated 
blood-serum,  as  well  as  upon  slices  of  boiled  potato,  and  upon  potato- 
pap.  Upon  the  latter  they  fomi  amber-yellow  coatings  that  later  be- 
come red.  Upon  blood-serum  they  form  small  yellowish  transparent 
drops  which  later  become  milky  white.  TJpon  ^ar  the  colonies  are 
grayish -while.  lu  cultures  club-shaped  forms  and  threads  are  not  infre- 
quently seen.     Spore-formation  has  not  been  demonstrated. 

Horses,  asses,  sheep,  young  dogs,  goats,  cats,  guinea-pigs,  and  field- 
mice  are  suitable  for  inoculation.  In  cats,  after  inoculation,  there 
develop  in  the  testicles  cellular  foci  consisting  essentially  of  leucocytes 


Wta.  .Wl.—G linden  of  k  cat's  (eatlcle  (Mauer't  fluid.  liiEmatoiTllal.    a.  BeiDlnlleraui  tubutesi   t>.  c 
tabuJe*  oiled  wlUi  leucucylea ;  d.  foul  ol  leucnc;  lea  la  Uie  conDectlTe  Uwie.    x  W. 

(Fig.  501),  which  lie  partly  inside  the  caualiculi  (ft,  c)  and  partlyaronnd 
them  (d).  The  injection  of  the  pns  of  glanders  into  the  peritoneal  cav- 
ity of  male  guiuea-pigs  causes  the  testicles  to  swell  rapidly  (Straus). 
After  subcutaneous  inoculatious  ulcers  develop  at  the  scab  of  inocula- 
tion, followed  by  swelling  of  the  neighboring  lymph-glands.  Later,  nod- 
ules may  develop  in  the  internal  oi^ns,  and  ulcers  may  be  formed  in 
the  nose.  Typical  glanders  may  be  produced  in  horses  and  asses.  Cattle, 
white  mice,  and  house-mice  are  immune. 

The  usual  atrium  of  infection  in  horses  is  the  mucous  membrane  of 
the  nose;  following  this  is  the  involvement  of  the  submaxillary  glands, 
and  further  a  metastasis  in  various  organs.     In  the  nasal  mucosa  there 
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arise  as  the  result  of  the  infection  either  diffuse  eellnlar  infiltrations  of 
tlie  mucosa  or  subepithelial  nodules  of  the  size  of  a  millet -seed  or  a  pea. 
In  chronic  farcy  of  the  skin  larjjer  nodules  are  developed  which  juiu  to- 
gether in  rows,  forming  worm -like  cortls. 

The  nodules  of  the  mucous  membrane  break  down  easily.  The  t-elN 
of  which  they  are  comi>osed  bear  for  the  greater  part  the  character  of  pa*;- 
(M>rpuscles.  Through  the  disintegration,  softening,  and  suppuration  of 
the  nodules  ulcers  with  yellowish  infiltrated  bases  are  formed.  These  en- 
large through  a  pix>gressive,  nodular  or  more  diffn^  infiltration  luid 
sul)se([uent  disint<^nition  of  the  edges  of  the  ulcer,  as  well  as  through  tlif 
confluence  of  neighboring  ulcers.  Horses  dying  of  glanders  often  present 
in  the  mnci)sa  of  the  nasiil  septum  very  extensive  irregularly  shaped, 
sinuate  ulcers*  with  eroded  edges  and  floors  covered  with  gray  and  yel 
lowish  material.  In  addition  to  these  there  are  numerous  small,  lenticn- 
lar  idcerations  and  gray  or  yellowish  nodular  f<ici  which  are  on  the  point 
of  breaking  down.  The  whole  process  is  closely  related  to  purulent  in- 
flammation. The  healing  of  the  ulcer  is  characterized  by  th^  formation 
of  radiating  scars. 

The  cervical  lymph-glands  are  constantly  swollen  and  inflamed.  i)f 
the  internal  organs  the  lungs  especially  are  involved.  The}'  contain 
either  nodules  having  a  caseated  lind  disintegrated  centre  and  a  gmyish 
cellular  periphery,  or  foci  of  lobular  pneumonia,  which  present  either  a 
clear  gray  or  a  moi'e  hsemorrhagic  appearance,  or  through  fatty  and 
cheesy  metamorphosis  become  opaque  and  yellowish-  white.  OeeasionallT 
the  mucosa  of  the  alimentary  tract  contains  nodules  of  varying  dze,  in 
I>art  clear  gray  and  consisting  of  cellular  tissue,  in  part  opaque  yeIIov> 
ish-white,  undergoing  caseation  or  approaching  suppuration.  The 
spleen,  liver,  kidneys,  and  bone-marrow  may  also  contain  nodnles. 

In  farcy,  which  runs  a  more  chronic  course  than  glanders,  there  aiv 
formed  in  the  skin  and  muscles  nodules  consisting  of  a  small -celled  tise^e 
which  later  undergoes  retrc^rressive  metamorphoses*  easeates  and  disin 
tegrates^ 

In  man  an  infectloa  with  glanders  takes  place  usually  through 
small  wounds  of  the  skin,  but  nuiy  also  occur  primarUy  in  the  moeoa^ 
membranes  adjacent  to  the  skin.  In  the  skin  and  subcutaneous  tissue  it 
gives  rise  ti).roseolar  spots,  hiemorrhages,  and  papular,  nodular,  and  pv<- 
tular  exanthemata,  carbuucuUir  and  phlegmonous  inflammations  wbirb 
may  result  in  suppuration,  and  to  purulent  inflammations  of  the  lymph- 
vessels  and  lymph-glands.  In  the  mucosa  of  the  respiratory  tratt 
catarrhs  are  produced  and  suppurating  nodules  and  nodes  are  fomietl 
leaving  ulcers  behind.  In  the  internal  orgiuis  metastatic  small-eell«^ 
nodules  are  formed,  showing  a  tendency  to  suppuration ;  also  extenav** 
abs(*esses  and  purulent  infiltrations,  especially  in  the  muscles.  In  chrook* 
farcy  which  may  last  for  years,  large  nodules  are  occasionally  formed  m 
tbe  skin  and  muscles  which  through  disintegration  give  rise  to  nlcerb 
which  heal  with  difficulty.  For  the  diiignosis  of  the  condition  the  ba^ 
teriological  examination  and  inoculation  experiments  are  neeeasazy. 

According  to  the  iDvestigations  of  Kalninff^  Prettsae^  ami  others,  an  acdTe  poi^'p. 
tmtlUiin^  may  be  extracted  from  cultures  of  glanders  bacilli,  which,  wfacQ  injecttJ  Q 
small  doses  into  horses  sick  of  glanders,  causes  a  febrile  rise  of  temperature,  and  o^T 
be  used  as  a  diagnostic  aid. 
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§  175.  As  the  Bacillus  of  rhinoscleroma,  Frisch,  Pellizari,  Chiari, 
Cornil,  Alvarez,  Kobner,  Paitauf,  von  Eiaelsberg,  Dittrich,  and  others 
liave  described  a  bacillus  with  rounded  ends,  which  is  constantly  present 
in  the  diseased  condition  known  as  rhinoscleroma  or  scleroma  respira- 
iorium  (Bornhaupt,  Wolkowitsch),  and  is  therefore  regarded  as  the  cause 
of  the  same.  It  stains  best  with  methyl-violet,  the  sections  being  left  in 
the  stain  for  twenty-four  to  forty-eight  hours.  After  staining,  the  sec- 
tions are  treated  with  iodine  water,  or  left  in  absolute  alcohol  for  one  to 
three  days.  The  bacilli,  for  the  greater  part,  possess  a  hyaline  capsule 
and  are  cJosely  related  to  the  pneumonia -bacillus  (§  166). 

Rhinoscleroma  occurs  chiefly  in  eastern  Austria  and  southwestern 
Kussia;  isolated  cases  have  been  observed  also  in  Silesia,  Italy,  Egypt, 
Belgium,  Sweden,  Switzerland,  and  Central  America.  It  is  a  chronic 
disease  progressing  for  years,  beginning  in  the  nose  (Wolkowitsch),  more 
mrely  in  the  pharynx,  larynx,  or  palate,  and  extending  thence  to  neigh- 
boring parts— the  external  nose,  lips,  lachrymal  duct,  trachea,  etc.  In 
42 
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the  nose  the  disease  is  characterized  by  a  thickening  of  the  nasal  vAi 
vbich  is  Hometimes  diffuse,  sometimes  elevated  or  nodalar.  The  eiler- 
nal  skin  takes  on  a  red  or  brownish-red  color,  becomes  stiff  and  Sssniti 
and  covered  with  scales.  In  the  throat  and  respiratory  tract  dense,  w 
tilage-like  infiltrations  are  sometimes  present,  at  other  times  a  oontnn- 
ing  cicatricial  tisene  is  formed.  The  infiltrations  may  appear  in  (it 
form  of  nodes  and  nodules  or  as  elevations  and  flattened  areas  <J 
thickening,  or  they  may  be  spread  ont  more  diffusely.  By  the  transfor- 
mation of  the   infiltration  into  scar  tissue  marked  deformities  of  tbt 
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affected  organs  may  be  produced.  Deep  destrnction  of  the  tissues  is 
absent ;  superficial  ulcerations  may,  however,  occur.  On  section  the  infil 
trated  tissue  appears  yellowish,  spotted,  but  not  infrequently  shows  a 
gray  or  grayish-red  color.  The  tissue  of  the  affected  areas  consists  partly 
of  grauulatiou  tissne,  partly  of  fibrous  connective  tissue.  If  the  former 
extends  to  the  epithelial  covering  there  appear  in  part  proliferations,  in 
part  degenerative  processes  in  the  epithelial  cells,  the  latter  being  char- 
acterized by  the  formation  of  vacuoles  and  by  an  infiltration  of  the  part 
with  round  cells.  According  to  Btepanow  the  vacuoles  may  contaiti 
bacilli. 

The  granulation  tissue  itself  shows  in  many  places  no  especial  pern- 
liarities;  rather  does  it  preseut  the  same  conditions  present  in  other 
inflammatory  infiltrations  and  proliferations  of  connective  tissue.  In 
other  places,  on  the  contrary,  there  may  be  found  a  larger  or  smaller 
number  of  lai^  connective-tissue  cells  containing  one  vacuole  or  sh<i»  ■ 
ing  a  total  vacuolar  degeneration  or  a  reticulated  structare,  in  the  me^^ 
of  which  bacilli  may  be  demonstrated  (Fig.  503),  some  of  the  latter  pos- 
sessing  capsules. 

Besides  the  cells  showing  vacuolar  degeneration  there  also  occur  fell* 
of  various  shapes  which  have  undergone  hyaline  change  (Fig.  Ttt^,  a.  k 
r,  d,  e).  These  also  contain  biicilli  with  and  without  wtpsules,  anil  al** 
t'occus-like  forms.  Through  the  loss  of  their  nuclei  these  cells  may  l>^ 
come  coiivertwl  into  non-nucleatetl  homogeueons  lumps  (d).  Finallv. 
there  also  occur  cells  which  enclose  hyaline  spherules  <  f,  g),  and  fr« 
spherules  are  also  found  lying  in  the  tissues  (A).     In  places  not  yet  af- 
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fected  by  cicatricial  retrogression  the  hyaline  formations  may  be  present 
in  large  nnmbers. 

According  to  Paltauf,  van  Eiselsberg,  IHitrusJi,  Wolkowitsch,  and  others,  the  bacilli 
of  rhinoscleroma  may  be  cultivated  upon  blood -serunri,  gelatin,  agar-agar,  and  pota- 
U^es,  and  also  form  capsules  in  the  cultures.  When  gro^vn  in  bouillon  they  show  on 
the  contrary  no  capsules  (Diitrieh),  Stab-cultures  in  gelatin  resemble  closely  the  nail- 
cultures  of  the  Friedlftnder  pneumonia-bacillus^  but  are  of  a  translucent  grayish-white 
and  not  dead  white.  The  bacilli  stain  more  easily  than  the  pneumonia  bacilli,  and  also 
stain  by  Oram's  method.  Stepanow  observed,  in  inoculations  into  the  eyes  of  guinea- 
pi^9  progressive  inflammations  and  proliferating  granulations  containing  the  bacilli 
and  hyaline  degenerated  cells. 
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§  176.  The  Actinomyces  or  ray-fungus  is  a  polymorphous  fission* 
fungus  which  appears  in  different  forms  of  growth  in  the  human  and 
animal  organism  as  well  as  in  cultures.  It  is  the  cause  of  actinomycosis, 
a  disease  occurring  in  man  as  well  as  in  cattle,  swine,  and  horses,  more 
rarely  in  sheep,  dogs,  and  cats,  and  characterized  by  a  progressive  inflam- 
mation  that  produces  in  part  granulation  tissue  and  connective  tissue, 
and  in  part  pus.  The  botanical  position  of  the  fungus  is  still  unsettled. 
By  many  it  is  classed  with  the  thread-fungiy  others  group  it  with  the  poly- 
ftwrpJums  bdcteria.  Bostrom  places  it  in  the  group  cladothrix;  Kruse, 
in  the  group  streptothrix. 
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According  to  tbe  iiivestigations  of  BoBtrum  actinomyces  differs  from 
the  bacilli  in  the  fact  that  in  cultures  upon  beefs-blood  senun  or  i^  ii 
forms  branckiHg  threads.  The 
threads  of  tbe  cnltiiresare  partly 
Rtmight,  partly  wavy,  at  times 
also  twisted  spirally.  They 
break  up  by  transverse  divisiou 
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into  short  rods  and  coctios-like  forms,  which  under  snitable  conditions 
again  grow  into  threads. 

Within  the  humau  aud  animal  organism  the  fungus  appears  in  maeses 
in  the  form  of  little  granules  scarcely  recognizable  by  the  naketl  eye,  or 
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in  spherules  up  to  2  mm.  in  diameter.  These  are  Bometim^  colorl«^ 
and  transparent,  at  other  times  white  and  opaque,  sometimes  yellow,  fif 
brown,  or  green  and  yellowish -green.     Many  of  the  smaller  ones  coiwi^ 
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only  of  a  feltwork  of  fine.  psirMy  brauclied  threads,  some  of  which  are 
stniight,  or  wavy,  or  twisted.  The  majority  of  the  granules  contain, 
moreover,  pecnliar  club-shaped  structures  (Fig,  507),  which  form  the 
ends  of  the  threads,  and  if  present  in  lai^  nnmbern,  as  is  the  case  par- 
ticularly ill  the  larger  grannies,  have  a  radial  arrangement  (Figs.  50S,  a; 
.509.  a),  and  so  give  to  the  colony  of  the  fungus  a  ray-like  appearance. 
Occasionally  hand-  or  fan-like  forms  develop  on  the  ends  of  the  threads. 
According  to  Bostrom,  all  these  peculiar  structures ^re  dne  to  a  swelling 
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of  the  membrane  of  the  threads,  and  are  to  be  regarded  as  retrogi-essive 
changes. 

The  actinomyces  is  usually  taken  into  the  Iwdy  with  the  food  or  the 
respired  air,  and  finds  its  first  development  often  in  the  moulh.  The 
fungns  has  not  yet  been  demonstrated  outside  of  the  human  and  animal 
organism.  It  must  be  remarked  that  very  often  bits  of  higher  plants 
(beard  of  wheat,  splinter  of  wooil,  a  bit  of  gi-ass)  have  been  found  iu  the 
-[hi^  of  actinomycotic  foci,  and  that  the  swallowing  of  portions  of  plants 
(spike  of  grain  [Bertha])  or  the  contamination  of  wounds  with  vegetable 
material,  have  iu  certain  cases  preceded  the  development  of  actinomy- 
cosis. It  is,  therefore,  very  probable  that  the  fungus  is  present  upon 
the  higher  plants  or  upon  wood.  Johne  demonstrated  it  as  early  as 
18S3  upon  beards  of  wheat  found  sticking  iu  the  tonsils  of  swine.     Ac- 
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cordiug  to  Baug,  it  develops  also  upon  wheat  grains  and  strav.  If  beaas. 
lye,  or  barley  is  grown  in  a  soil  infected  with  actinfwuj-t-es  coltnws 
(LiebmaDn)  the  ray-fnngns  may  be  found  later  in  Tarioos  portions  of 
the  plants. 

If  the  ray-fnngns  succeeds  in  settling  in  a  tissue  it  excites  an  infiun- 
roation  in  its  neighborhood.  While  the  fungus  -which  has  penetrairtl 
into  the  tissue  develops  a  mycelium  and  a  fnngus-grannle  (Figs.  5»!^,  a; 
609,  a;  610,  a)  there  is  formed  iu  its  neighborhood  a  nodnlar  focus  of 
inflammation,  which  at  lirst  consists  of  leucocytes  (Figs.  508,  6,  e;  51U, 
*);  but  later,  in  addition  to  ptis-corpuscles  (Fig.  509,  r),  also  contains 
epithelioid  cells  and  giaut-cells  (i,  d). 

The  fungus-grannies  may  increase  within  the  nodule  and  lead  to  its 
enlargement ;  and  it  very  often  happens  that  cellular  nodales  the  size  of 
a  pea  and  lai^er  contain  a  large  number  of  fnngns-foci,  which  are  nsnallv 
situated  in  the  periphery  of  the 
same.  At  the  same  time  new 
fungus-foci,  and  consequently  new 
cellular  foci,  may  appear  in  the 
neighborhood.  The  further  spread 
of  the  infection  takes  place  br 
means  of  small  rods  and  threads 
which  are  broken  off  from  the 
larger  masses,  and  may  be  seen  in 
the  tissues  partly  free  and  partly 
enclosed  iu  cells. 

larger  nodules  often   undergo 
in  time  a  purulent  liquefaction  of 
their  central  portions,  leading  to 
the   formation   of  small    a&aroimt. 
which    may    become  confluent  to 
form  larger  pM»-carUie»  or  timutei. 
In  the  neighborhood  of  the  puru- 
lent areas  (Fig.  510)  there  develops 
early  an   active    proli/eratiwt    of 
tissue,  which  leads  to  the  formation  of  venteln  (i)  and  .voung  fframtiialioii 
tissue,  which  later  becomes  transformed  into  cicatricial  co>i/ie<iire  tisimf 
(<^.  Sf  *)■     If  t*"*  eon ueetive-t issue  proliferation  attains  verj'  considerable 
proportions,  it  leads  to  an  induration  (Fig.  610),  often  also  to  an  fularpr- 
ment  of  the   tiMue.     The    connective-tissue    proliferation     may  finally 
extend   into  the  amall-celled  arciis,  and  replace  the  latter,   the  fungi 
probably  being  destroyed  in  this  way. 

A  predomiuauee  of  tissue-necrosis  and  of  suppuration  over  tissue-pro- 
duction gives  rise  to  more  or  less  extensive  sinuous  cavities  and  branch- 
ing tistnloDS  tracts  communicating  with  one  another.  The  walls  of  these 
consist  of  granulation-tissue  and  hyperplastic  connective  tissue,  and  here 
and  there  contain  fungus-foci.  The  masses  of  fungi  may  in  part  become 
calcified. 

In  cattle  the  disease  affects  chiefly  the  lower  jaw,  hat  may  involve 
also  the  upper  jaw  (Fig.  511,  a),  the  tongue,  throat,  larynx,  cBSOphagos. 
stomach,  intestinal  wall,  skin,  lungs,  andsnbcateneousaDdintermiiscDlar 
tissues;  in  sirine  it  is  found  iu  the  udder  and  different  bones  of  tbe 
skeleton,  while  in  horgea  it  occurs  chiefly  in  the  vas  deferens  following 
castration.  In  cattle  it  leads  to  the  formation  of  more  or  less  extensive 
fibrous  tumors  coutaiuing  purulent  foci,  and  was  formerly  given  various 
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names,  such  as  osteosarcoma,  bone-cancer,  bone-tuberculosis,  lumpy  jaw, 
wooden  tongue,  tuberculosis  of  the  tongue,  lymphoma,  fibroma,  worm- 
nodules,  etc. 

In  man  the  infection,  so  far  as  is  known,  takes  place  through  the 
mouth,  fauces,  oesophagus,  stomaeh,  intestine,  and  lung,  or  through  some 
external  injury.  In  the  first-named  region  an  infection  of  actinomyces 
may  take  its  start  from  carious  teeth  (cavities  or  fistulte),  or  from  Any 
injury  to  the  soft  parts  of  the  jaw  or  cheek.  Thence  it  spreads  over  the 
neighborhood  and  may  finally  involve  the  face  and  the  hairy  portions  of 
the  head,  as  well  as  the  throat,  neck,  back,  and  breast. 

With  the  advent  of  the  process  there  arise  swellings  which  later 
soften  and  give  fluctuation.  When  the  latter  is  the  case,  pus  is  formed 
which  is  at  times  thin  and  watery,  at  other  times  more  viscid,  and  con- 
tains the  characteristic  granules.  If  these  abscesses  break  externally  there 
may  be  formed  fistulous  tracts,  which  may  either  close  again,  or  continue 
to  secrete  pus. 

Besides  these  purulent  foci,  which  sometimes  are  small,  at  other  times 
ext^ensive,  there  is  constantly  formed  more  or  less  granulation  tissue, 
which  at  times  may  be  very  abundant.  As  a  result  of  fatty  degeneration 
and  disintegration  of  its  elements  the  granulation  tissue  often  becomes 
partially  whitish  or  yellowish  or  reddish-white  in  color,  and  permeates 
the  diseased  tissue  in  an  irregular  manner.  In  other  places  it  comes  to 
a  development  of  connective  tissue,  particularly  in  those  places  where 
the  process  is  not  spreading. 

Through  this  development  of  connective  tissue  a  local  healing  result- 
ing in  cicatricial  indurations  may  take  place,  but  in  other  parts  the  process 
usually  makes  further  progress  and  may  under  certain  circumstances  lead 
to  very  extensive  destruction.  If  the  disease  encroaches  upon  the  bones 
of  the  spinal  column  or  of  the  thorax  these  may  be  gradually  destroyed 
from  the  surface,  and  become  rough,  eroded,  and  carious.  In  rare  cases 
the  jaw-bone  may  be  attacked  from  within  through  an  alveolar  process, 
and  so  undergo  destruction.  From  the  base  of  the  skull  the  process  may 
extend  into  the  interior  of  the  skull  and  lead  to  actinomycotic  meningitis 
and  encephalitis. 

In  primary  infection  of  the  respiratory  apparatus  the  process  takes 
the  form  of  a  bronchopneumonia  characterized  by  the  formation  of  nod- 
nlar  foci  (Fig.  510,  h)  the  central  portions  of  which  at  an  early  stage 
assume  a  yellowish-white  color.  Through  the  disintegration  of  the  in- 
flammatory foci  cavities  may  be  formed  which  contain  lluid,  pus-corpus- 
cles, fatty  detritus,  spherules  of  fatty  granules,  disintegrated  red  cells, 
and  masse^i  of  actinomyces.  The  tissue  lying  between  the  mycotic  foci 
suffers  a  more  or  less  extensive,  often  very  marked,  inflammatory  thicken- 
ing and  induration  (Fig.  510,  c),  and  through  a  new-formation  of  con- 
nective tissue  may  be  transformed  into  a  callous,  slate-gray  or  gray  and 
white  mass,  devoid  of  air,  and  later  undergoing  cicatricial  contraction. 
In  this  manner  a  large  portion  of  the  lung  may  become  converted  into  a 
mass  of  connective  tissue. 

From  the  lung  the  process  sooner  or  later  extends  to  the  visceral 
pleura,  and  from  this  to  the  costal  pleura  or  to  the  pericardium,  giving 
rise  in  these  places  to  inflammatory  exudations  and  proliferations  of  tis- 
sue, which  may  lead  to  adhesions  between  the  opposite  layers  of  the 
pleura  or  pericardium.  From  the  costal  pleura  the  cellular  infiltration 
as  well  as  the  pus  formation  and  the  fatty  degeneration  and  disintegra- 
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tion  of  the  granalation  tissue  may  extend  between  the  rite  to  the  oiit- 
8ide,  and  spread  in  the  conti^oos  soft  parts,  in  the  connective  tL<«sUf 
and  muscles,  and  may  finally  break  through  in  places^  From  the 
lungs  a  rupture  may  sometimes  take  place  into  the  mediastinum  i»i 
pericardial  sac,  and  finally  into  the  heart.  Under  certain  conditions  a 
rupture  may  occur  through  the  diaf^iragm  into  the  abdominal  cayity,  «»r 
the  process  may  eirtend  from  the  posterior  mediastinum  into  the  rerrr» 
peritoneal  connective  tissue. 

The  secondary  areas  of  destruction  lying  outside  of  the  lung  often 
reach  an  extremely  large  size,  while  in  the  lung  the  primary  proce» 
advances  but  little  and  undergoes  cieatrixation.  At  ime  time  the  puru- 
lent softening  predominates^  at  another  time  the  fMmation  of  granulatiou 
tissue  aud  the  induration. 

Primary  actinomycosis  of  the  intestinal  tract  begins  with  the  forma- 
tion of  plaquenshaped  whitish  patches  of  the  fungus  ( Chiari  j  or  of  noda- 
lar  mucosal  and  submucosal  fuei  ( Zemann  k  whkrh  contain  the  specific 
fungus,  and  lead  to  ulceration  throu^  the  ocenrrenee  of  disintegratioD. 
FriNii  the  intestine  the  process  ^reads  over  the  peritoneum  and  the  rptn>- 
peritiKieal  connective  tissue*  as  well  as  to  the  organs  adjacent  to  the  pri- 
mary foeus — for  example,  the  liver;  and  may  finally  break  through  tbf 

abdominal  walL 

Jtfelajtem  may  be  associated  with  the  local  progression  of  the  diseas»% 
but  is  rather  rare.  It  usually  results  from  a  direct  rupture  into  a  blood 
vesseL  The  melaslsttses  arising  fntNn  a  primary  focus  in  the  intestine  arp 
found  espeeially  in  the  liver;  those  arisii^  from  a  primary  focus  in  thf 
lungs  are  found  in  the  skin«  mosdesc  t>oneSv  brain,  intestine,  and  kidneys. 
The  metastatic  nodules  behave  like  the  primary  focL  In  rare  cases  there 
ocear  also  primary  foci  of  actinomycoss  in  the  internal  organs — ^for  ex 
ample,  in  the  brain  and  liver.  The  portal  of  ^itrance  in  these  eases  may 
not  be  demonstrable. 

Johne.  IVnfick^  Bostrooau  Wolff,  and  Israel  have  attempted  inocub- 
tion  experiments  upon  animaK  and  according  to  their  reports  have 
obtained  positive  nft«uits  in  part  i  Johne.  FOidIek*  Wolff,  and  Israel*. 
Wolff  and  Israel,  by  the  inoculatioa  of  rabbits  and  guinea-pigs,  obtainetl 
in  almost  all  eases  a  charaeterisde  disease  with  the  formation  of  infiam 
matory  foci  cootauiing  the  f ai^nas^massesi.  They  were  also  able  again  to 
cultivate  upon  agar-agar  the  fungiK  contained  within  these  focL 

Lenf.  ^s-  vieU  as  Krytae.  assumes  that  there  sie  two  fewng  of  aetinumjice5»  an  aHcK 
culcivtkted  bv  £kfstri/m^  ^uui  ja  luta^robic  ciiitivared  by  ITtf^/f.  I^trwL  Axk^ff.  auid  Iur^L' 
ttm  twY>  ^Mtus^  bvinic  eioeely  reiiiti^L     Mfftens  anaoiinees  that  he  has  sumcdcd  :i 
ehiiAip/VCtbe  Woiff-L^rael  rVrai  mtu  the  BotftnjmL     Leynr  xgaa^  the  metimamyca  as  wsl 
36^  tbie  ^uu^-th^»ilLk^i  t unjeus.  ImQwn  at»  itrvptAhnx  ss-  beliiictnie  to  %  gn»p.  the  Byvktmy- 
otUnf^  charactvruwd  by  the  tormah.ua  oi  branching  pn?biifaly  minelfcmar  mitSa  9»l 
which  iiiuiti(>htf%»  throu^  an  acn;«9*iuc  soaruueHiff  uf  eooiiiisk-chacns  or  tbi^xig^  faeooif^ 
sfi  threads  rin^eakb^^  baeillL     ^nc«  the  nv-ixm^  «io  noc  eorrespomi  to  aajr  coe  c(  tbr 
knH>wa  hyvhoai^*vtect'*^.*u('$«  be  [jiacifs  them  in  ^  lepanite  groap.  the  Actiaaa^jcctes. 
lu  thi:^  $rvu{>  h«  altio  pbce«^  the  rub«n:ie-4»eillusv  the  Iepra-bitciIIu&  the  cfap^tfaen^- 
bactUu:»,  and  the  boeiiiiis  kjt  ^inth^rfv     Lsuturrvh  retoanis  the  ^ticptochriees^  with  vhirf 
be  d2iififeT>  ^he  r^r^uatp  •  *'o  wmeh  rbe  CTiberde>biu!iiiiis  aL<o  befiuncs  >.  as  a  tiaJBsitioo  for*, 
between  the  bacilli  and  the  ntuiiJiis^ 

iJirr«c|iwwai^i>«iiz>ttnjrii^)e*>>iilft;n(*Dt  f^ynas^yt  actinumyces  .cuLriTated  bj"  bin  fn«r. 
Ht^Riw^  btitV.  etc.  *,  anvL  Jt  4Uuir>iHi  hi  ^Mczmtmnfcotin^  Rcoimiaes  a  omiirMaa  <d  fit-*^  - 
QM.%*mMmt$ct/»ts^  which  ntu^  x  ^lilar  ctiur«  tn  cnac  ot  "he  firmer,  but  b»  caia««i  br  {idc 
which  dif  tioc  Ivluntc  tu  Mie  nv -;unjyp.     K'^nise  .imi  ij'Iber^  likewise  R^ird  the eooirc'- 
fti*.*tv>r  \fi  'Mt  actinotfi>pco*>i.<  .»ci  beiiiji  »t  varied  imcun  .unl  oat  represecciasa  ^ie&uteflirt> 
^'hiir*9ta*t*'^  eiitf;bur«iiSe«»  'he  vfir*ui>ihry  ijt  ai^tuiimtyce^  aceuniinff  to  the  c«iiidit)de«  < 
jprv»<tu     H  r*t^  believes  rtiat   Uunxiiti  and  buvme  acnnuoij'CUtfis  aic  iAnatWaJ,  m: 
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further  holds  that  there  is  but  one  species  of  microorganism  {Actinomyces  hovis)  con> 
cemed  in  the  production  of  typical  actmomycosis.  The  lesions  producea  by  other  forms 
of  branching  organisms  he  would  class  under  the  head  of  nocardiosis,  reserving  the  term 
actinomycosis  for  those  conditions  in  which  characteristic  "  drusen  "  are  fonned. 

According  to  Dunker  (Zeitschr.  f.  Mikroskopie  und  Fleischschau,  iii.,  1884)  and  Hert- 
wtg  (Arch,  /.  vnssensch.  u.  prakt.  ThierheUk.,  xii.,  1886)  there  occurs  in  hogs  a  ray-fungus 
whicn  is  always  situated  in  the  muscles,  particularly  in  the  diaphra^,  abdommal  and 
intercostal  muscles,  and  causes  a  degeneration  of  the  muscle-fibres  m  its  neighborhood 
and  proliferation  of  the  intermuFCular  connective  tissue.  The  funpis-masses  form 
radially  arranged  clubs.  They  readily  undergo  calcification  and  then  form  wliite 
pK>ints  in  the  nesh. 

Peiruschky  unites  Actinomyces,  Streptothrix,  Cladothrix,  and  Leptothrix  into  one 
family,  which  he  calls  the  Hair  fungi  or  Trichomycetes.  These  he  classes  also  with 
the  hyphomycetes,  of  which  he  distinguishes  two  great  classes,  the  mould  fungi  and  the 
hair  lungi. 

Actinomyces  is  characterized  by  radiating  forms;  streptothrix  by  true  branching, 
late  fragmentation  of  the  wavy  threads  and  the  formation  of  conidia;  cladothrix  by 
false  branching  of  the  threads  (a  lateral  direction  of  the  membrane  with  a  continuation 
of  the  longitudmal  growth  in  the  other  direction)  and  rapid  fragmentation  of  the  threads; 
while  leptothrix  is  characterized  by  stiff  threads  without  branching. 

There  occur  numerous  observations  in  which  organisms  apart  from  the  actinomyces 
described  above  and  belonging  to  the  trichomycete5«  particularlv  to  the  streptothrices, 
gave  rise  to  local  tissue-changes,  particularly  purulent  and  granulating  inflammations. 
and  in  part  also  to  tubercle-like  changes,  but  in  many  cases  the  authors  have  not  agreed 
as  to  what  species  the  fungus  concerned  belonged. 

As  early  as  1855  fungus  masses  were  observed  by  von  Graefe  in  the  inflamed  lach- 
rymal duct.  These  were  at  first  regarded  as  favus.  but  later  Cohn  (1874)  regarded  them 
as  streptothrix  and  gave  them  the  name  of  Streptothrix  foersteri.  Likewise  Axenfeld, 
who  has  many  times  cultivated  the  fimgus,  regarded  it  as  a  variety  of  streptothrix. 

Under  the  term  Cladothrix  asteroides  Eppinaer  has  described  a  polymorphous  fission 
fungus  or  hair  fungus  found  in  the  pus  of  an  old  cerebral  abscess  causing  death  through 
meningitis.  Since  in  the  affected  individual  changes  similar  to  tuberculosis  were  found 
in  the  lungs  and  bronchial  glands  and  since  inoculation  of  guinea-pigs  and  rabbits  gave 
rise  to  a  disease  resembling  tuberculosis,  he  has  designated  the  disease  produced  by  the 
fungus  as  Psewlotuherctdosis  cladothrichica.  MacCallum  regards  Eppinger's  fungus 
which  he  obtained  from  a  purulent  peritoneal  exudate  as  belonging  to  tne  Actinomyces 
group  and  calls  it  Actinomyces  asteroides.  Schahad  regards  a  nmgus  characterized  by 
branching  threads  which  he  found  in  a  subpectoral  abscess,  and  according  to  its  behavior 
in  cultures  apparently  identical  with  the  Eppinger  fungus,  as  belonging  to  the  actino- 
myces group,  and  designates  it  an  atypical  actinomvces  which  differs  from  the  typical 
form  in  that  it  produces  no  clubs  and  is  acid-fast.  In  animals  it  causes  a  pseudotuber- 
culosis. 

BuchhoUz  found  a  variety  of  streptothrix  in  a  pneumonic  lung  containing  large 
cavities  of  disintegration,  with  ragged  walls.  Longer  found  a  streptothrix  pathogenic 
for  guinea-pigs  in  the  sputum  of  a  thirteen-year-old  boy,  which  probably  arose  from  an 
ccsophageai  diverticulum. 

According  to  investigations  by  Kanthack,  Boyce.  and  Vincent  it  is  very  probable 
that  the  disease  occurring  in  India  known  as  Madttra-ioot  or  Mycetoma,  characterized 
by  gradual  swellings  in  the  extremity,  with  nodular  deposits  becoming  changed  into 
abscesses  and  fistulous  tracts  through  suppuration,  and  on  pressiire  di.scharging  purulent 
gray,  or  brown  to  black,  fish-roe  or  trumelike  granules  is  caused  by  a  polymorphous 
fungus  related  to  Actinomyces  and  designated  by  Vincent  as  Streptothrix  madurce.  Kan- 
thack regards  the  fungus  which  is  enclosed  in  the  granules  as  identical  with  the  Actino- 
myces, but  the  investigations  of  Vincent  and  Boyce  do  not  agree  with  this  assumption. 
According  to  Boyce,  the  Streptothrix  niadurop  occurs  in  two  varieties,  one  white  or  yellow, 
with  fine  dichotomous  branching  threads  and  one  black,  with  branched  pigmented 
threads.  Unna  and  Delbanco  also  distinguish  different  fungi  which  they  class  with  the 
Actinomyces.  According  to  Oppenheimer  mycetoma  is  a  granuloma  with  abscess  for- 
mation caused  by  two  kinds  of  fungi;  the  yellow  form  is  an  actinomyces,  while  the 
fungus  of  the  black  form  cannot  at  the  present  time  be  exactly  classified,  but  probably 
belongs  to  the  oYdia  or  moulds.  The  parasite  of  the  madura  disease  has  been  known 
since  the  year  1874  {Carter,  Lewis,  and  Cunningham),  and  was  formerly  called  Chionyphe 
Cnrteri. 
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§  177.  In  addition  to  those  already  described  there  is  a  lai^e  number 
of  bacilli  pathogenic  for  animals  which  may  also  canse  infection  b 
man.  The  most  important  animal  diseases  eansed  by  bacilli  are  sympto- 
matic anthrax,  swine-erysipelas,  swine-plague,  swine-pest,  cattle-plague, 
and  chicken-cholera. 

Ihe  badlliis  of  blackles  or  synptomatic  antiirax  (Bacterie  du  rkarhon  tyiKp^ 
tnatimte,  Ciii$iridium  miny>pftSfstmaioslM/nn)  is  a  rod  with  rounded  ends  about  ^-o  ^  lofig 
and  0.5-0.6  /i  broad,  and  sometimes  possessing  independent  motion.  Accardine  to  the 
investigations  of  Bollinger ,  Feser,  ArUnng,  Comevin,  Th&ma»,  and  others,  it  is  coDstantlj 
found  in  blackleg. 

Blackles  occurs  particularly  in  young  cattle  and  in  lambs*  and  is  usaallr  fatal 
within  two  days.     It  is  characteriaed  anatomically  by  a  tumor-like  swvliiiig  of  the  ifcia 
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due  to  the  exudation  of  a  bloody  serous  fluid  attended  by  the  formation  of  gas  in  tiie 
subcutaneous,  intermuscular,  and  muscular  connective  tissue.  The  bacilli  arc  found  in 
the  region  of  the  exudation  and  gas-formation,  as  well  as  in  the  spleen  and  liver.  Tliey 
do  not  stain  with  Gram's  method. 

According  to  Arloing,  Comevin,  and  Thomas ,  the  bacilli  may  be  cultivated,  in  the 
absence  of  oxprgen,  in  cluckcn-bouillon,  to  which  a  small  amount  of  glycerin  and  sul- 
phate of  iron  is  added.  Kitasato  and  Kitt  cultivated  them  in  guinea-pig  bouillon,  agar, 
and  gelatin  in  the  absence  of  oxygen.  They  grow  best  at  from  SC'-SS**  C,  and  form 
spores  in  the  middle  or  at  the  ends  of  the  rods,  whereby  the  latter  become  somewhat 
swollen.  The  addition  of  sugar  and  glycerin  to  the  nutrient  medium  aids  the  growth. 
The  inoculation  of  cattle  and  sheep  with  bacilli  which  are  attenuated  by  beating  pro- 
duces an  inununity  against  virulent  bacilli.  Cattle,  sheep,  ^oats,  rabbits,  guinea-pigs, 
swine,  dogs,  cats,  and  chickens  are  siisceptible  to  the  bacilli  of  symptomatic  anthrax; 
black  rats  are  immune;  horses  and  donkeys  occupy  an  intermediate  position. 

The  inoculation  of  guinea-pigs  with  virulent  material — for  example,  with  the  dried 
juice  of  the  muscle  of  cattle  dying  of  blackleg — leads  very  quickly  to  a  rapidly  spread- 
ing swelling  at  the  point  o-  inoculation,  due  to  the  infiltration  of  the  tissues  with  a 
bloody  cedema.  The  bacilli  spread  with  remarkable  rapidity  in  the  tissues,  particularly 
in  the  subcutaneous  and  intermuscular  tissue,  and  penetrate  also  into  the  muscles.  They 
cause  severe  lesions  of  the  v  jssels,  leading  to  haemorrhages  and  serous  exudations,  and 
after  a  time  to  an  abimdant  emigration  of  leucocytes.  The  animals  \isually  die  on  the 
second  or  third  day  after  tue  swelling  has  spread  over  a  portion  of  the  body.  The  blood 
usually  remains  free  from  bacilli,    bpores  are  not  formed  in  the  living  body. 
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The  Brsdsot  Bacillus  is  an  anaerobic  bacillus  closely  related  to  that  of  83nnpto- 
matic  anthrax.  It  forms  spores  and  at  times  possesses  numerous  flagella,  and  causes 
tlie  disease  of  sheep  known  as  Bradsot  or  Braagot,  which  is  found  particularly  in  the 
northern  portions  of  Europe.  The  sheep  dying  from  the  disease  show  a  hsemorrhagic 
serous  innammation  of  the  stomach,  haemolysis,  and  serous  inflammation  of  the  cdii- 
nective  tissue,  at  times  with  gas  formation  {Jensen,  "  Bradsot."  **  Hand.  d.  path. 
Mikroorg.,"  ii.,  Jena,  1903). 

The  bacillus  off  swine-eryslpelas  (LdfjUer,  Lydtin,  Schottelius,  and  SchiiU)  is  a 
bacillus  from  0.6-1.8  ft  long.  It  may  be  cultivated  in  bouillon,  meat-infusion-peptone- 
gclatin,  blood-serum,  and  sour  milk  at  18-40"  C. 

In  gelatin-plates  it  forms  peculiar  radiatins*  and  branched  figures.  Jn  stab-cultures 
it  grows  out  in  white  streaks  from  the  stab-canal  hke  the  bristles  of  a  test-tube  brush. 
In  cultures  the  bacilli  may  form  pseudothreads.  By  means  of  pure  cultures  the  disease 
may  be  reproduced  in  susceptible  swine.  House-mice  and  pigeons  die  within  two  to 
four  days  after  inoculation,  and  their  blood  contains  numerous  bacilli. 

In  rabbits,  inoculation  is  followed  by  an  erysipelas-like  inflammation  which  termi- 
nates either  in  a  fatal  general  infection  or  in  healing.  Guinea-pigs  and  chickens  are 
immune. 

According  to  investigations  by  Pasteur  and  TkuiUier,  and  confirmed  by  Schotteliits 
and  SchiiU  J  the  virulence  of  the  bacilli  for  swine  may  be  attenuated  by  progressive  in- 
oculations in  rabbits.  Susceptible  swine  inoculated  with  this  vaccine  do  not  die  after 
inoculation  and  become  immune  to  fully  virilent  bacilli. 

Swine-erysipelas  occurs  particularly  in  young  herds  of  higlily-bred  (English)  hogs, 
while  the  common  breeds  are  nearly  or  wholly  immune.  The  disease  is  characterized 
by  fever  and  the  appearance  of  red  spots,  later  becoming  broxwi,  upon  the  neck,  chest, 
and  belly.  Intestinal  heemorrhages  occasionally  occur.  More  than  half  of  the  infected 
animals  die,  usually  within  a  few  hours  or  within  four  days.  The  autopsy  shows 
swelling  and  localized  htemorrhages  in  the  mucosa  of  the  int'^stine,  swelling  and  ulcer- 
ation of  the  follicles,  particularly  in  the  ileocecal  region,  swelling  of  the  mesenteric 
lymph-glands,  and  petechioe  of  tne  serous  membranes. 

The  bacilli  are  found  in  the  blood  as  well  as  in  the  lymph-glands,  muscles,  spleen, 
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and  Iddnpvit.  where  tliey  al^  lie  in  the  blood-resflris.     The  majority  are  free;  sooif  _> 
enclosed  in  leucocytes.     They  are  stained  by  < ■ram's  method. 

Ltteimture. 

Tfiw  I>er  St'ibchenrothlauf  u.  die  Schweineaeuche.    Thiermed.  Vortr.,  i.,  1^^. 
Kitt:  I>er  StabchenroChlauf  der  Schweine  und  dessen  Schutzimpfuns.     Jahre«h.  iL 

ThierarzneLscb.,  Munchen,  lSS;>-86,  Leipag,  1887;    Streptotbrixform  d.  Bacillus 

Oil.  f.  Bakt.,  xxii..  1897. 
LMHer:  Schweinerothlauf.    Aib.  a.  d.  K.  Ge8.-Amte.  i.,  1885. 
I«or«iix:  Schutzimpfung  gwn  Schweinerothlauf.    Cl)l.  (,  Eakt.,  xv..  18M. 
Lydiin  und  Schottelius:  Der  Rochlauf  der  Schweine,  Wiesbaden.  1885. 
Praias:  Rochlauf  d.  Schweine.    Handb.  d.  path.  Mikroorg.,  iii..  1903. 
Sehftte:  Rochlauf  d.  Schweine.    Arb.  a.  d.  K.  Ges.-Amte.  i.,  1885. 


The  BariWM  JaiscpticBS,  the  cause  cf  Gennan  swine  plague  or  aeine  ^eptica^^ 
{twine  ptagtie  [Salmon])  is  a  bacillus  discovered  by  Loffler  in  1886.  It  is  about  1.2-1 .4  - 
long  and  0.4-0.6  /i  broad.  It  is  a  facultative  aerobe,  grows  easilv  upon  the  ordinaiy 
cuiture  media,  and  when  stained  usually  shows  a  polar  staining  while  the  middle  port!*'}. 
remains  clear.  In  natural  infection  the  hogpi  m^y  die  within  twenty-four  hours  fnxii 
septicannia  and  bacterismia.  The  bacilli  may  be  found  in  all  the  organs.  If  the  ^kir. 
ifi  the  avenue  of  entrance  there  occurs  at  this  point  a  cubcutaneous  inflammatoiy  ademi 
More  frpqurnt  is  the  form  known  as  peeiarai  twine  plague,  which  occurs  both  in  an  aru^r 
and  a  chronic  form.  In  the  former  there  occur  multiple  croupous-haunorrhagic  broDchf- 
pneumonias  that  become  gangrenous,  and  may  be  associated  with  a  pkuritis,  perkar- 
ditis,  and  peritonitis.  In  the  chronic  form,  which  is  the  most  oonmion  in  GerroiDT. 
pulmonary  hepatizations,  with  or  without  necrosis,  are  formed.  In  the  msjonty  cf 
eases  it  is  a  bronchogenic  pulmonary  disease,  but  the  infection  may  take  place  throusi 
wounds  or  the  intestine  and  secondarily  reach  the  lung.    Ho^,  mice,  rabbits,  an^i 

5uinea-pi|pi  are  susceptible  to  inoculations;  |Ngeons,  chickens,  and  calves  less  so.  &&•! 
ogs  and  homes  still  less.  The  bacillus  produces  a  local  inflammati<».  If  it  pa«4^ 
from  the  lymphatics  into  the  blood  there  occurs  a  mariced  increase  of  the  bacilb.  par- 
ticularly in  the  lung  and  liver  (Joeet:  "  Schweineseuche  und  Schweinepest."  ^'Hamib. 
d.  path.  Mikroorg./Mu..  19a3). 

The  BadlliM  of  Swine  Pert  or  the  American  Swine  Plague  (hog  cholera  [Salmonl 
ewine  pLague  [BiUingtX  swine  fever  [fimmcn]).  the  Becfllns  sulpestifer  {BacUluM  choltT<t 
euie  [Smtth\),  forms  rods  with  rounded  ends  about  1.2-1.8  /t  long  and  0.6  /t  bma^i. 
It  does  not  stain  by  Gram's  method.  When  staii^  with  basic  aniline  dyes  it  shov^ 
In  part  a  polar  or  peripheral  stain.  It  may  easily  be  ctdtivated  on  the  ordinaiy  iiie<iu 
is  a  facultative  al^robe,  moves  by  means  of  numerous  flagella,  and  produces  no  spore^. 
The  plague  is  endemic  in  North  America,  and  has  been  introduced  thence  into  Euro)"^. 
It  occun  in  two  chief  fonns.  The  nef^etmic-hamorrhagic  form  is  characterized  by 
hsmorrfaages  in  various  organs,  particularly  the  lymph-^ands,  serous  membiao^^. 
intestine,  and  kidneys.  In  the  intestinal  form,  which  is  more  frequent,  infiammaton' 
changes  are  found  in  the  intestinal  tract,  particulariy  in  the  colon,  bearing  in  part  i\f 
chlracter  of  ca^irrhal  or  in  part  croupous,  hemorrhagic,  and  diphtheritic  innaniiiiatioo> 

The  infection  takes  place  chietlv  through  the  intestinal  tract,  where  the  m^ti 
severe  changes  are  found.  Through  the  transportation  of  the  bacilli  through  the  lympli 
and  blood  changes  in  other  organs  are  proouced  and  a  septicaemia  or  oacterisnu^. 
)Iioe,  rabbits,  guinea-pigs,  and  white  doves  are  susceptible  to  moculation;  horses,  sheep. 
and  <»ttle  are  not  killed  by  inoculation;   local  inflammations  alone  are  produced 

Sirinepest  and  twine  fiague  may  occur  in  the  same  individual  as  a  miitd  inftctm, 
and  may  infect  whole  herds.     Such  epidemics  are  characterized  by  great  virulenctf. 
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The  Bacillus  of  ilouse  Typhoid  is  a  bacillus  observed  by  Lf^HUr  in  an  epiiitRi> 
of  mice  kept  in  the  laboratory.     House  mice  and  field  mice  are  very  susceptible  t*«  '• 
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It  may  be  used  as  a  means  of  extermination  of  field  mice.  (L6ffler:  "  Epidemieen 
nnter  den  im  byg.  Institut.  zu  Greifswald  gebaltenen  Mausen  und  iiber  die  Bek&mp- 
fung  der  Feldmauseplage,"  Cbl.f.  Baki.,  xi.  u.  xii.,  1892.) 

The  bacillus  ol  chlcken-cnolera,  or  avian  typhoid,  or  bird  septiccBmia,  a  disease 
occurring  epidemically  among  cbickens,  is  a  small  bacillus  from  1-1.2  u  long,  often 
somewhat  constricted  in  its  middle.  It  was  first  studied  by  Perroncito,  then  by  Totta- 
saint,  Pasteur,  Rivolta,  Marchiafava,  CeUi,  and  Kitt,  It  does  not  stain  by  Gram's 
method.  The  disease  is  characterized  clinically  by  great  exhaustion  and  stupor, 
occasionally  also  by  diarrhceal  intestinal  discharges;  anatomically  by  swellings  of  the 
Uvcr  and  spleen,  haemorrhages  and  inflammations  of  the  intestine,  and  also  frequently 
by  pleuritis  and  pericarditis. 

The  bacilli  are  found  in  the  blood  and  therefore  also  in  the  capillaries  of  the  differ- 
ent tissues.  They  may  be  cultivated  upon  nutrient  gelatin,  blooci-serum,  and  neutral- 
ized bouillon,  as  well  as  upon  potatoes.  They  form  white  colonies.  Feeding  or  inocu- 
lation of  the  bacilli  causes  in  chickens  a  typical  chicken-cholera;  pigeons,  sparrows, 
pheasanb^,  rabbits,  and  mice  are  also  susceptible  to  the  bacilli.  In  sheep,  horses,  and 
guinea-pigs  they  produce  abscesses  at  the  point  of  inoculation. 
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The  Bacillus  diphtheriae  columbarum  is  a  small,  slender  bacillus,  which  was 
isolated  by  Loffler  ("  Mittheil.  a.  d.  k.  Ges.-Amte,"  ii.)  from  the  exudate  of  a  pigeon 
dying  of  diphtheria,  and  is  regarded  (Babes  and  Puacarin,  "  Unters.  iiber  die  Diphtherie 
der  Tauben,"  Zeitschr,  /.  Hyg.,  viii.,  1890)  as  the  probable  cause  of  pigeon-diphtheria, 
a  di.sease  resembling  human  diphtheria.  L6ffler  was  able  to  reproduce  the  aisease  in 
pigeons,  but  not  in  chickens,  by  means  of  inoculation  of  pure  cultures  of  the  bacilli. 
Slice  died  in  about  five  days  after  inoculation,  and  the  bacilli  were  found  in  the  blood- 
vessels of  all  the  organs.  Streit  ("  Unters.  iiber  Gefliigel-Diphtherie,"  Z.  /.  Hyg,.  46  Bd., 
1904)  found  a  bacillus  in  chicken  diphtheria  which  he  was  able  to  cultivate  ancf  inoculate 
successfully  in  pigeons. 

As  the  Necrosis  Bacillus  (Bacillus  necrophorus,  FlUgge;  Bacillus  necroseos, 
Salormmsen;  Streptothrix  necrophora,  Kitt,  Streptothrix  caniculce,  Schmorl)  there  has 
lx?en  described  an  anaerobic  bacterium  (Jensen :  "  Nekrose  Bacillus."  *'  Handb.  d.  pathog. 
Mikroorg.,"  ii.,  Jena,  1903)  which  forms  rods  and  imbranched  threads,  does  not  stain 
according  to  Gram's  method,  and  produces  gas  in  cultures.  It  has  been  observed  in  all 
the  domestic  animals,  including  tne  chicken.  It  causes  inflammations  in  the  hoof  of 
the  horse,  cattle,  and  reindeer,  and  on  the  tail,  foot,  and  udder  of  swine  and  cow^s,  and 
is  the  cause  of  the  so-called  calves'  diphtheria  (Loffler),  rabbit  diphtheria,  and,  perhaps, 
also  in  part  of  avian  diphtheria.  In  hogs  also  it  causes  necrotic  inflammation  of  tne 
motith  and  nose.  It  has  been  found  also  in  inflammations  of  the  colon  in  horses,  and 
in  the  vagina  and  in  the  uterus  of  cows,  and  in  the  inflamed  umbilical  cord  of  calves. 
It  can  also  produce  metastases  in  the  internal  organs.  It  occurs  in  the  regions  named 
above,  and  also  in  other  parts  of  the  body,  partly  as  a  primary  infection^  and  partly 
secondary  to  some  other  mfection. 

Besides  the  above,  there  are  many  other  bacilli  which  have  been  described  as  the 
cause  of  disease  in  animals.  Thus,  for  example,  according  to  Hoflich  ("  Die  Pye- 
lonephritis bacillosa  des  Rindes,"  Monatsh.f.  praki.  Thierheilk.,  ref.  Centralb,/.  Bakt.,  x.) 
an<l  Enderlen  (**  Primflre  infectiose  Pyelonephritis  beim  Rinde,"  Devisch.  Zeitschr,  /. 
Thiermed.,  xvii.,  1891,  ref.  Cent,  f.  Bakt.,  x.),  the  frequently  occurring  pyelonephritis 
of  cattle  is  caused  by  a  bacillus.  Likewise,  according  to  Nocard  ("  Note  sur  la  maladie 
des  boBufs  de  la  Guadeloupe  connue  sous  le  nom  de  Farcin,"  Ann.  de  I' In.  Past,,  ii.,  1888) 
the  vx}rm  disease  of  the  ox,  which  was  formerly  of  frequent  occurrence  in  France;  and 
according  to  Oreste  and  Armanni  ("  Studii  e  ricerche  intorno  ai  barbone  dei  bufali," 
ref.  Cent,/.  Bakt,,  ii.,  1887)  and  von  Ratz  ("  Die  Barbonekrankheit,"  Deutsch.  Zeitschr, 
f,  Thiermed.,  xxii.,  1896),  the  plague  occurring  among  the  Italian  buffalo  known  as 
barbone  dei  bufali  is  due  to  a  bacillus  (by  Voges  regarded  as  the  bacillus  of  ha^morrhagic 
septicaemia). 

In  the  dysentery  of  calves  different  bacilli,  including  the  bacterium  -coli,  have  been 
described  as  the  cause  (Joest-  **  Untersuchungen  iiber  Kftlberruhr,"  Z.  /.  Tierm€d,,Vii., 
J«ina,  1903;  Jensen:    "Haudb.  d.  path.   Mikronrg.,**  iii.,  Jena.  1908).    According  to 
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yocard  and  Saux  C*  Le  microbe  de  la  peripDeumooie,'*  Ann.de  VInat.  Piaaiewr,  1SK<.  H^. 
lung  plague  of  catUe  is  characterized  by  a  very  email,  lively  motile  bacillus  wfaoae  foicmis 
determined  with  difficulty.  According  to  Barig  {'*  Aetiolooe  des  seuchenhadten  Vep> 
werfeiw/'  Zeilschr,  f.  Tiermed.,  I,  1887/  and  Preitz'  (''BaciUus  des  aeuxhaAmita 
Verwcrfens/'  C.  f,  B.,  Grig,,  XTxiii.,  1903)  bacilli  cause  the  epidemic  abortioo  of  cattle. 
Lundgren  ('*  Die  Renntierpest/'  Zeilsehr.  f.  Tiermed.,  u.,  18d8)and  Bergman  f*  Rnan 
tierpest  und  Renntierpestbacillen/'  t&.,  v.,  1901)  on  the  ground  of  their  in^ 


regard  certain  bacilli  as  causing  reindeer  plague.  The  conta^um  of  reincleer  pe<  is  yet 
unknown  (Kolle:  "  Rinderpest/'  Ergehn.  d.  allg.  Path.,  vi.,  Wiesbaden*  1901 ).  Likeviw 
the  cause  of  the  hoof-and-mouth  disease  is  still  unknown  (Loffler:  ^  Beridbt  uber  d.  Ua- 
tersuch.  d.  ii.  preuss.  Kommission/'  D,  med.  Woch.,  1903).    It  passes  through  all  fitets. 

3.  The  Spirilla  and  the  Diseases  Caused  by  Thejc 
(a)  General  Remarks  upon  the  Spirilla. 

§  178.  The  Spirilla,  or  5pirillaceiet  or  SpirolMcteria  are  divided  into 
two  genera,  one  of  them  called  Spirillum^  the  other  Spirochale.  Many 
writers  recognize  still  another  genns,  Vibrio, 

The  genas  Spirillum  is  characterized  by  the  formation  of  short,  stiff, 
shallow  spirals,  which  in  part  possess  fiagella  and  show  an  active  swarm- 
ing movement.     The  wavy  rods  are  also  called  vibriones  by  many  writers. 

The  genos  Spirocliaste  is  characterized  by  long,  flexible,  doeely 
turned  spirals. 

The  Spirochcete  plicatUis  forms  long,  very  fine,  closely  wound  threads, 
from  100-225  /x  long;  it  is  of  frequent  occurrence  in  swamp-water  and  in 
gutters,  and  makes  very  rapid  movements. 

Spirochete  buccalis  sive  dentlcola  is  10-20  /i  long,  pointed  at  both 
ends,  and  is  not  infrequently  observed  in  the  secretions  of  the  mouth  and 
nose  (cf.  Fig.  196).     It  appears  to  possess  no  pathogenic  significance. 

Spirillum  sive  Vibrio  rugula  (Fig.  512, 6)  forms  rods,  from  6-16  ft  long  and  0.5-2.5  /i 
,  broad,  simply  bent  or  having  a  shallow  turn,  and  moves  by  means  of  flagella.    It  occurs 
in  swamp-water,  fstces,  and  in  the  slime  from  the  teeth. 

Spirillum  sive  Vibrio  serpens  fonns  thin  threads  from 
11-28^  long,  having  three  to  four  wavy  turns,  and  is        ^     C  /*    ^\ 

found  in  stagnating  fluids.  #^  ^       r      ^ 


long,  having  2-5  screw-like  turns.  ^^     C>  'Xm     \ 


Spirillum  tenue  has  very  thin  threads  about  3-15  pi         —    *    J  ** 


Spirillum  undvla  (Fig.  512,  a)  consists  of  a  thread 
from  1-1.5  /«  broad  and  8-12  /i  long,  having  from  one  and 
a  half  to  three  turns,  and  furnished  with  a  flagelliun  at  one 
end.  It  occurs  in  various  decomposing  fluids  and  executes 
rapid  twisting  and  darting  movements.  tiq.  512.-^p<rflIiiiiior  Fi- 

Spirillum  voltUans  possesses  threads  1.5-2  ft  thick  and  hrioreipaa  (B)  awl  SpirO- 
2i>-30/.  long.  ■«-|th  two  and  a  halt  to  three  and  a  half  S^ ."^tdf tanSL Stog 
turns,  and  bearing  a  flageUum  at  each  end.  chopped  eartb-wonns.  Drfad 

According   to  Prazmowski,    Spirillum   rugula    causes     prepimtlon  treated  wtft  geo- 
decomposition    of  cellulose,   and   forms    terminal  spores.     t**"»-vk)tet.   x  eOQ. 
According  to  Weibel,  a  vibrio  present  in  nasal  slime  presents 
many  forms  of  growth.     Esmareh  succeeded  in  cultivating 

a  spirillum,  called  by  him  Spirillum  ruhrumy  upon  the  various  ordinary  media.  In 
bouiUon  it  forms  spirals  of  from  forty-three  to  fifty  turns.  Short  spirilla  execute 
lively  movements,  but  long  ones,  on  the  contrary,  slow  movements,  or  are  motioo- 
less.  The  colonics  in  firm  nutrient  media  are  at  the  beginning  pale,  but  in  time  the 
portions  not  exposed  to  the  air  take  on  a  wine-red  color.  In  the  spirilla  of  old  cult- 
ures there  appear  three  to  four  clear,  dull-glistening  spots  that  do  not  stain,  and  are 
probably  to  be  regarded  as  spores.  Cultures  which  contain  such  spirilla  are  more  re- 
sistant to  drying  than  others,  but  they  are  very  easily  killed  by  heat. 

The  long  spirals  mav  break  up  into  short  segments  which  possess  only  about  thne- 
quarters  of  a  turn,  but  these  may  again  grow  in  length,  and  undergo  division.  Brancb- 
ing  has  been  observed  many  times  {Kutscher,  Zettnow^  Reichenbach). 
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Literature. 

(Life-htHtory  of  the  SpiriUa.) 

l:  Ueber  die  Reinkultur  eines  Spirillum.    Cbl.  f.  Bakt.,  i.,  1887. 

►:  Reinkultur  eines   Spirillum   aus   faulendem   Blute.      Cbl.    f.    Bakt.,  iii., 

1888. 
Kutscher  Vibrionen  u.  Spirillenflora  d.  Dungenauche.     Zeitschr.  f.  Hyg.,  xx.,  1895; 

Spirillum  Undula  minus  u.  majus.    Cbl.  f.  Bakt.,  xviii.,  1895. 
Prazxnowsky:    Unters.  tib.  die  Entwickelungsgeschichte  einiger  Bakterien,  Leipzig. 

1888. 
Seichenbach:  Ueber  Verzweigungen  bei  Spirillen.    Cbl.  f.  Bakt..  xxix.,  1901. 
Salomon:  Spirillum  d.  Saugethiermagens.    Cbl.  f,  Tt^lft    jux.,  1896. 
Weibel:  Untersuchungen  uber  Vibrionen.     Cbl.  f.  Bakt.,  ii.,  1887,  iv.,  1888. 
Zettnow:  Bau  der  groesen  Spirillen.    Z.  f.  Hyg.,  xxiv.,  1897. 

{b)  The  Pathogenic  Spirilla. 

%  179.  The  Spirillum  choleras  aslatlcie,  or  the  Vibrio  cholerce,  also 
called  comma-baeiUiLS  {hacUle-mrgvle  cholSrigSne),  was  discovered  by  E. 
Koch  in  1884,  and  is  regarded  as  the  cause  of  Asiatic  cholera.  The 
spirilla  (Fig.  513)  form  small  comnia-Uke,  curved  rods,  from  0.8-2  //  long. 

Cultures  of  cholera-spirilla  may  be  obtained  upon  a  great  variety  of 
culture-media  of  a  slightly  alkaline  reaction.     The  temperatures  most 
favorable  for  their  development  lie  between  25°  and 
30**  C. ;  at  between  16°  and  8°  C.  they  are  still  capa-      ^.^  r       i     < 
ble  of  a  feeble  development.  -^      ^   J  ^ j-» 

In  fluid  media  in  the  presence  of  oxygen  they  '^  ^^  'v^ 
show  lively  movements  that  may  be  easily  observed  in  ^  ^^..  CS^^ 
the  hanging  drop.     The  movements  are  produced  by         ^  ^ 

means  of  a  termiiuil  fla>geUum.  fio.  sis.— c b  o  i e r a . 

When  gaining  entrance  to  the  intestinal  tract  of   Kre^^cover-Riaalp^p^ 
man  the  spirilla,  in  so  far  as  they  are  not  destroyed    JJJJJSS.  1?4oa!*    ^** 
by  the  action  of  the  gastric  juice  or  their  growth 
otherwise  prevented,  develop  both  in  the  small  and  large  intestines, 
and  their  multiplication  is   followed  by  a  marked  transudation  from 
the  intestinal  mucosa,  so  that  the  intestine  becomes  filled  with  a  fluid  re- 
sembling meal-soup  or  rice-water,  in  which  flakes  of  desquamated  epi- 
thelium which  has  undergone  mucoid  degeneration  float  about. 

The  spirilla  are  always  present  in  great  numbers  in  the  intestinal  con- 
tents, and  are  found  in  the  lumina  of  the  intestinal  glands,  whence  they 
may  penetrate  between  and  beneath  the  epithelial  cells. 

In  recent  cases  the  spirilla  may  usually  be  demonstrated  in  cover- 
glass  preparations  stained  with  methylene-blue  or  f  uchsin.  Fresh  dejecta, 
as  well  as  soiled  linen,  are  suitable  for  the  examination,  since,  according 
to  observations  made  by  Koch,  thespirillainay  multiply  actively  for  some 
time  upon  moist  linen  and  moist  earth.  In  old  cases  the  demonstration 
of  the  spirilla  is  more  difficult,  but  nevertheless  succeeds  in  all  cases,  and 
is  attainable  most  surely  by  means  of  plate-cultures. 

The  presence  of  cholera-spirilla  in  the  inlestin£  excites  an  inflammation, 
which  in  the  beginning  finds  expression  in  redness,  swelling,  marked 
transudation,  mucoid  degeneration  of  the  epithelium,  and  desquamation ; 
later,  by  haemorrhages,  formation  of  sloughs,  and  ulcemtion.  It  is  char- 
acterized constantly  by  a  more  or  less  marked  cellular  infiltration  of  the 
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timueK.  Tlie  Military  foIHeles  and  Peyer^s  i»tches  are  swollen  eveo  in 
freKli  caiM'h.  Death  may  take  place  s^ter  a  few  hours  or  after  oue  h* 
three  days.  If  the  disease  lasts  a  lon^r  time,  the  intestinal  contents 
l)ecx>me  more  consistent  and  the  intestinal  macosa  shows  ulcerative 
changes 

According  to  our  present  knowledge,  the  spirilla  produce  poi$oiK»iis 
sul)HtauceM  which  cause  local  damage  to  the  mucosa  of  the  intestiml 
canal,  and  when  absorl)ed  give  rise  to  symptoms  of  intoxication  and 
cause  paralysis  of  the  vessels.  Small  foci  of  d^enerationare  often  pres- 
ent in  the  liver  and  kidneys,  within  which  the  gland-cells  show  cioudT. 
fatty,  or  hyaline  degeneration,  or  are  necrotic.  Moreover,  the  kidneys 
may  frequently  show  cloudiness  caused  by  a  toxic  degeneration  of  tbe 
epithelium ;  occasionally  also  a  swelling  of  the  cortex.  Ecchymoses  in 
the  epicardium  are  of  frequent  occurrence,  and  in  the  later  stages  patches 
of  necrosis  may  also  occur  in  the  mucous  membrane  of  the  vagina  The 
long-continued  presence  of  spirilla  in  the  intestine  may  give  rise  to  ulcer- 
ation. Finally,  the  spirilla  may  be  crowded  out  by  the  putrefactive  bac- 
teria present  in  the  intestine,  and  ultimately  die  out.  Through  the 
absorption  of  the  products  of  decomposition  a  new  intoxication  may 
arise,  which  is  not  dependent  upou  the  original  spirilla. 

According  to  Koch,  Nicati,  and  Bietsch,  cholera-spirilla  may  also  be 
found  iu  the  vomitus.  Nicati,  Bietsch,  Tizzoni,  andCattaui  found  them 
also  in  the  ductus  choledochus  and  in  the  gall-bladder.  According  to 
the  statements  of  these  authors  the  spirilla  usually  do  not  enter  the 
blood,  but  in  cases  of  severe  infection  they  may  be  spread  throughoat 
the  body. 

Koch  demonstrated  the  presence  of  spirilla  in  a  tank  in  India  which 
furnished  the  inhabitants  of  the  region  with  their  entire  supply  of  water 
for  drinking  and  other  purposes,  at  a  time  wheu  a  part  of  the  inhabi- 
tants were  sick  and  dying  of  cholera.  Since  then,  they  have  often  l)eeD 
demonstrated  iu  water-supplies  during  cholera  epidemics. 

Asiatic  cholera  is  endemic  in  Lower  Bengal  and  never  entirely  disap- 
pears there.  Thence  it  spreads  at  times  throughout  India,  and  is  carried 
by  t  ransportation  over  a  larger  or  smaller  part  of  the  world.  Since  tbe 
spirilla  are  easily  killed  outside  of  the  body  the  transportation  mnst  b<' 
eflfecited  mainly  by  individuals  suffering  from  the  disease.  The  infection 
probably  occurs  exclusively  through  the  alimentary  tract,  as  the  re- 
sult of  the  introduction  of  infected  beverages,  food,  or  some  other  sub- 
stance into  the  mouth ;  but  without  doubt  not  every  introduction  of 
cholera-spirilla  into  the  intestinal  canal  is  followed  by  infection. 

Moreover,  it  not  infrequently  happens  that  the  spirilla  increase  in  tlw' 
intestine,  but  excite  only  slight  changes,  so  that  the  infected  individual 
HufTers  no  marked  symptoms,  and  the  diagnosis  can  only  be  made  through 
the  demonstratiou  of  spirilla  iu  the  stools. 

If  the  cholera-spirilla  get  into  the  water-supply  and  there  increaje, 
cholera  may  develop  in  the  given  region  with  very  great  rapidity.  If. 
on  the  contrary,  the  infection  takes  place  by  du^ct  or  indirect  contagion 
from  man  to  man,  the  spread  is  slow,  in  that  the  disease  is  confined  to 
tluKse  who  come  into  contact  with  the  sick,  or  with  articles  contaminated 
by  the  latter.     The  incubation  period  is  from  one  to  two  days. 

In  the  intestines  of  convalescents  the  spirilla,  according  to  invcstiga* 
tions  of  Kollo,  may  live  for  a  long  time  and  multiply  without  giving  ri* 
to  any  symptoms  betraying  their  presence.     Kolle  was  able  to  demou 
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sirate  theiu  iu  a  number  of  rases  iifter  fi\'e  t(>  eightet'u  days,  nnil  in  iiuli- 
viiliial  cases  as  long  an  twenty  to  foily-eiglit  days. 

Ouv  attack  of  vholeni  makes  tlie  individual  iiuuiuiie  for  a  eert^iiii 
time.  Tlie  immunity  dejtends  uptm  the  preseuoe  of  iMu-tem-idiil  auti- 
iHHiies.  Thnmgli  these  l>odie8  the  oi^nism  may  l>o  lu-otccted  from 
eholem;  liut  in  thos4'who  have  already  contracted  the  diseitNe  tlie  protee- 
tive  influence  is  of  no  avnil  (ef.  g  »2). 

On  gelatin -plati-s  cultures  of  cholera- Bplrll la  form  n)un<l,  flut.  ycltuwiHli  i1iH<-- 
w I lieh  liquefy  tue  s^littfn  only  slowly.  Ai  n  low  magnitlcaijon  the  citliiiri's  un-  Ir 
ri*;;iilur  in  ouUinr,  un<l  of  a  graDulur  or  fiirmwfil  ami  roiigli  Hnrface.  n)>|H-arliig  lut  il 
TttntwD  n-Uhsmnll  particles  of  glass  (AVWi).  Through  tlie  liqiicfnctioii  of  tliegulntlii 
ill  its  Immediate  neighborhood  Uieru  is  formed  a  funuel-sliaped  cavity,  to  tlio  bottom  ol 
which  the  colony  Binka. 

Stab-cult iir^s  in  i^'klin  riinn  mi  the  xccund  <tu^  a  whitish  roni  eiirrrsjKiiidLiiu  ti' 
the  line  of  the  stat>  (Fig-  514),  in  the  inimetUale  ni'ighborhncxl  of  whirh  tlie  gelutin  i- 
liijiiefied.  The  ennal  thus  formed  uidi'-ifi  o'.it  above  into  a  fimnel 
]Kirt  wliich  is  filled  in  its  lower  portion  with  h'quefied  platin  and 
ill  its  upper  with  air.  Tlie  wii.leiiing  of  tlie  funnel  of  the  rnnal  v< 
inorul'ilion  taken  place  very  nlowly,  so  tliat  its  edge  reaehea  the 
wnW  of  the  tube  only  after  five  to  six  days. 

(>ii  potatoes  ot  from  30" -3.^1°  C.  tlic  spirilla  Umn  lii(lit-browii 
cultures,  on  agar-agar  grayish-yellow  slimy  cultures,  'lla-y  grow 
atsu  in  bouiUon,  bloud'serum,  and  milk. 

They  do  not  increase  in  pure  water  (.Bolton),  but  do  ho  in  water 
contaminated  with  substancea  furnishing  nutrient  material. 

The  cholcra-spiiilla  arc  a6robie,  but  they  ore  also  abl.!  t<i 
ilrow  under  anaSrobie  conditions.  According  to  investigationH  by 
Hiitppe,  cnltivation  with  a  deficient  supply  of  oxygen  increuacs  the 
rimlenceof  the  culture;  but  the  n^isting  power  against  injurious 
:itn'nis--for  example,  against  acids — is  on  tnc  other  han<l  lowered; 
nith  free  access  of  oxygen  the  reverse  takes  place.  Pjei/feT,  how- 
ever, found  that  young  cultures  grown  In  tlie  prexenec  of  oxygen 
:il',o  cont.iincd  poison.  The  spirilla  present  in  fresh  deject  ions 
(llueppe)  are  easilv  killed,  ancf  have  out  little  infecting  power; 
nliereus  the  growth  of  the  spiriUa  outside  of  the  body  incrcafieH 
their  resi.ttanee  (for example,  against  the  gastric  juice)  and  makes 
tliem  at  tlic  aanie  time  more  capable  of  causing  infection  In  new 
in<llvi(lual!'.  Tliey  are  eaxily  destroyed  by  desiccation  in  free  air 
(I'lKyin)  and  by  high  lemtwratures,  and  by  boiling  for  a  short 
time.  They  arc  easily  .lupplanted  by  saprophytic  bacteria  when 
liie  niitriept  material  and  the  tem|ieratun:  are  not  suitable.  In 
rhe  contents  of  pHvy-vauUs  tiiey  soon  die  out  (Kiich).  Tliey  are 
very  easily  killed  by  acids,  mercuric  chloride,  and  carlH)lic  acid. 
-Acconling  to  observations  hy  Korh,  tliey  may  live  in  well  water  fur 
ihirty  days,  in  sewage  for  seven  days,  and  on  damp  Mnrn  for  three 
lo  four  days.  \'irati  and  Rriinch  found  them  alive  afler  eiglily-one 
days  in  water  taken  from  :he  harbor  of  Miirwilles. 

In  cultures  they  sometimes  form  short  roils,  more  or  U'ss  curved 
'Fig.  513)  and  often  joined  in  pairs;  at  other  limcH  tliey  form 
long  spirals.  With  these  there  alwi  occur  straij^it  nicls,  ami  oc- 
casionally lite  majority  form  rods  which  sliow  llie  cur\'e  only  im- 
jierfcctly  or  not  at  all. 

At  a  certain  degree  of  exliau.slion  of  the  food-material  tlirrc 
rrefjuenlly  appear  involution  forms.  In  wliicli  tiie  rixU  an;  winic- 
times  shrunken,  sometimes  swollen,  thus  creating  a  gri'Ut  variety 
of  fonns.  A  fdiAtUar  swelling,  aa  well  as  the  forrnation  of  ii(hHii 
which  do  not  take  the  stain  in  stained  preparations,  occurs  a«  tlui 
result  of  degeiKratlon,  and  liave  often  Ijcf-n  erronciiisly  intpr|>ri:(ed        nu.SU.    kibIm.ii- 

^  plienotnena  of  fructification.     Spore  formali'm  lia*  not  iH-en  de-    turr.'ln   wut -k 

monstraled.     The   addition   of  hydrochloric  or  Nulphiiric  arid  to    OuAmMMUu. 
culiurpit  of  ehulcra-spirilla  in  pepttme-contalnlng  mi^lia  ([n-pIiMie- 
utcat-in fusion  or  an  alltaline.  one-i)er-cirnt   solution   of   iH-ploiwr   coiilaitiintc   oiii-    ii't 
vcr.t  of  sah)  cauies  tliecidture  to  awounv  a  r'M.-n.-d  or  KurKiindyn-d  ci4or.  diw m  iln' 
43 
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form:itU>Q  ot ;»  colonng-matter.  choUra-rrd,  Acronfing  to  Smltowski,  this  is  a  nilroeo- 
icKU4  rv:ictK«i. 

In  «.«c\irr  to  f:ieilitate  the  sepantK>n  of  cbukiA  j^fiiriBa  from  other  intestiiud  bactprk, 
^vc-AtVrc'.^vjt  iroMQinriKis  the  mixing  oi  the  dejma  with  doable  the  amoont  of  a  sUditk 
alLjUine  ntedi-mt vision,  azui  sUovioe  the  mixtTire  to  reoaaiB  uueuiered  for  tvelve  book 
at  a  tetn(ienture  ot*  fnim  3(^-10  i\  The  :<{«nBa  wquihn^  0-k,i  p.n  wiU  devekp  par- 
ttcuIiHy  ;uK>D  thie  surtAce.  and  mar  be  ea^Jr  tranfiMYed  thenre  to  plate-<iiltiiT^ 
K>xit  nrtxicuniencb  foe  tLi<  pur^x^  a  s«>lut:<.>a  of  peptone  with  eoBunoQ  salt. 

AccwviiDC  to  invest; .^atKMis  hy  .VktitC.  Rietagk.  r«9t  E  mtm§im,  and  K</ek^  symptciDs 


re;<Yni'  '  r^  irh-  k^ra  mar  be  proii^jee«i  in  exccnmeBtai  tnTnit*  throo^  the  introdurtioc] 
of  cu*  «<-ra->t^irHi  into  the  intestinal  canaL  Thi»  erpenneiit  succeeds  when  ciihui^ 
are  ^'^trv'^iocvxi  «i.ne\*tiT  uico  tiie  d;jkiiim-JEa  or  sotaK  ia£e«tiae  \iteti  and  Sittsei",  is 
wvU  as  wtvn  the  ca^the  j\i;«e  of  the  tr-rr^  tsimaea-fus  is  nmtialiaid  with  a  fiv^ 
pef^vrt  'S^>iut>>c  '<  <«>ia.  the  K"'wefc  bei;=s:  q  iaeted  by  ah  isjecticB  of  1  ejc.  of  tinrtcrt 
of  o(\  au  t  >  e\e?y  AV  csi.  of  zht  bcdy-weuciu .  aatl  «ae  «r  inuti  drofis  al  a  pme  cchist 
\.^*  t  -L*-  <t  1-.^  -jjea  -jiriwrA-e^i  ^to  :hje  ?coaKfteh    Knck  . 

V  <  X-*  TJiA^<  'J.  »  jivY'^rif^i  die  with  niarsed  ^^rccE»  cf  ccAiij^e.  The  snail 
:~?e>r.:i-  :-i  *  xi-.i  -ro  c%f  :L>»i  w:^  a  watery.  Jbuci.uimt>  c«Mies  ±:ad  ooBtaiBiB^  spizrlU 
;a  £~.v»:  s  Jv.  >Mrs*    ^ce  i=.tesst;:LaI  !s.raev«3k  s  pgAfcjid  ai»i  ^wisAeb. 

W  :>.H»;«  wr  vfi.  2;:  ro>i  2evd  by  'ce  A'fci  a  liMij"7-as  a^  w^ich  eixises  the  essec- 
tic&I  <i-.-'.c^  <TT::r':v'C'.s  x  a  ^^^oprannietfLriL  3s  mic  Isnaws^  ^riimn'i^ja  Kebeves  that  it 
5<  ji  T  -oiijv-i  '  .:r-  ji.  S-^«  I.',  ija:  ":  »  a  zvc^ae  dk?tteca«:.xjccT  m-c  .  P'rigfr  i5  of  the 
•»cirr  1^  :?.*■:  :-  «i  j*  •**»»E»»rLt  of  *ai?  <etr-"«^ry.  Aevf^f&ir  "'^  Jif'rts«nk«>iv^  a»l  othen^.  it 
3<  jrct^«Hf  i  >r  T*!*  «'V  Aflcvnaac  ^«  •  j -wiiai^  vn»r.  -^  a*  rrsbaboraa  rmdg^ariM  wiiich 
>t  >rv<^  1-  rU*f  a^'i  rtfcsly  TikiKiK  ^v^r  •:.'  a  «<cii»ia.-v  7i:i»cift?i^  •^  *  t  ^«f  neh  in  toxoa*. 
F  -*^J«fe   '  le-  :srt'^JiiJk  <i?<L.i.n  a  hs*:dir*  ri  gtrtOfvt.  vn  f^t    u  %ttC  tywiv-  «W  mkiek  rxcir* 

^«  -•  -Tiiaj^f  ' -iwaJ  •mv*LJ4z:>'i»  •:  .'sii  u«r&3iay  !hf  7rmt«r'*»i  ^  r-iniry  tH^  infrrrii ' 
'.  •  \i*'  /i>.rt^r*n.'ciftil  iijuK^i'tL  {f  ar3*niinA;«L  JUiTizrrs  nifi  i»'  aim V=. te  suDimiiT  i%2 
'^v  7r>  \t>.u.'Y^  II  "^  ^  w:l5  ^^  Jiit*«£r^««nni  it  jiinma  ia^Tirakits  tkiS  kave  Tec^venii 
'^  <n  itt  1  'SiC'i  .T  c*2».Hi*ra  ni/w^  jntogien  "f  7r*fcirr&i?¥  r.r  £inBBa~pc£S  f-cr  sercnj  wtf^ 

ITle  iiir>4'«iv---titti-t  ?«i«a^BL3r<rL.''  u^^  .'f  latf  rfntitfea-cinrija  »  ^•as  So  the  fart  tlot 
^V  .*«tt/«i'far^<<nr .  •  >ini  ii  Tvcctjoir  iuiiici/in}- nfc  nii.y  ?'caxtf^3ba  i  Vis  ^hi»  MUiigs.  IV- 
jLn:ji  *irQ  T  1  .'ir^va.t.'rv  t  'suamiiinr  ant.  iet»  r^-^  iitr';iiB>aeiic  wiarik  fcc^  a  nd  cv*' 
^*'a  tanrt.  >•'  ci  "^av  >»  -**V  •••  /r  3^.nt^^  san  yn^*^f'm  tf  B^naiitiiMiiiijf  aad  the  ^^f*" 
«.%«•  *r  JViti^.  W1.-VJ  4.tv  7f»Mni«3iiii'u  111*  "^la  r»iii'r  if 'Stie  mrTBe^«<srs<«lT  abeo 
9VGaM«UiiL  v)=7fo(  %  MOJOiyL  -v'xa.  lonTiiHr^ir  n.-ac.  ic  woifSL  3ii?ni»  jtfa£  aj^ae  is  uhkd. 


^rvfT^M«|l$L:!^J^«r»]I^  '*'in  :<i('ti;fiir<T«i«cn»^  %i?^s^  itif  di«*iaic?^  iia**^  «aMn2  5nr  saK  tine  ia 
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ASIATIC   CHOLERA. 

(3)  SjtiHUiiiatHrogenui., _    ....     „    _  . „„ 

•iifil.  WorlieiiKhr..  1885).  ia  ulso  very  much  like  tlie  cliolera-spirilliii 
?ii!Hller.  and  tbe  long  spirHl  llireads  aru  more  closely  -wouud.  Cult-' 
iitra  uQ  f;elatiD-plalea  form  nt  lirat  sharply  cimtoun^d  discs  that  by 
Inw  nmgnifl cation  appear  dark,  and  litjuefy  ilic  gelalin  moru  ra|>- 
.illy  than  the  spirillum  of  Kocli.  lu  slah-ciiltures  they  behave  liku 
tli<:Finkter-[*riorBpirillum,  but  do  not  grow  upon  potato. 

(3)  Siiirillum  tpntigenum  is  a  spiiillum  of  the  shape  of  a  curved 
-od.  somewhat  longer  and  thtnuer  than  the  cholera -spirillum.  It 
iccurs  in  the  saliva,  and  caimol  be  cultivated  upou  the  ordinary 

(■1)  Vibrio  of  Mtltehnilaiff  {OamateUi,  "  Vibrio  Metschnikovi  et 
les  rapports  avec  le  microlie  du  eholera  asialiquL',"  Annal.  d.  I'lntt. 
!'.Ml..  ii.,188S;  iii..  188B;  ijijjrer,  "  Leber  den  Vibrio  Metschnikovi 
ind  s(;in  Verhaltniss  zur  Cholera  asiatica,"  Ztitmhr.  f.  Hyg.,  1889) 
i  a  liasioD-fungiia  isolated  by  Oamatcla  in  an  epidemic  occurring 
n  chickens  in  Odessa,  which  was  cliiiracli'rized  by  diarrhtra  and 
alerltis.  When  cultivated  it  shows  a  very  great  resemblance  to 
he  cliolera-spirillum  of  Roch.  Tlie  spirillum  is  most  easily  oh- 
ained  pure  by  iaoculatiag  pigeons  with  the  blood  of  dlseast-d 
rhickens.  The  pigeons  die  in  from  twelve  to  twenty  hours  and 
bow  tlie  aplrllla  in  the  blood  and  In  the  Intestinal  tract. 

Zi«p^  has  transferred  RelapalnE  Fever  to  the  protozoan  dis- 
'ases,  following  Schaudinn't  view  that  tbe  spirochietea  are  protozoa. 
f  this  opinion  be  correct.  Syphilis  should  likewise  be  classed  with 
lie  protozoan  infections.  As  mentioned  below,  the  correctness  of 
.uch  a  view  is  doubte<i  by  other  writers  (S"ry),  who  I>elleve  that 
he  spirochsBtca  are  bacterial  and  are  to  be  classed  with  the  spirilla. 
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CHAPTER  XI. 

The  Yeasts  and  floulds,  and  the  Diseases  Caused  by 

Them. 

§  180.  Theyeasts(Bla5toinycetes)  and  the  moulds  (Hyphomycetes) 

]>eloug,  as  do  the  schizomycetes,  to  the  uon-chloroph3ilaceous  thallo- 
])hytes.  With  the  schizomycetes  they  have  no  phylogenetic  relationship ; 
on  the  other  hand,  they  are  eloJ5ely  related  to  one  another,  and  both  be- 
long to  the  branching  fnngi  or  the  euniycetes. 

The  moulds  and  yeasts,  like  the  schizomycetes,  derive  their  nonrish- 
nient  from  organic  substances  containing  carbon.  The  majority  find 
their  f(X>d  in  dead  organic  substances,  and  lx4ong  thei-efore  to  tlie  Mipm- 
phytes;  some  are  able  to  obtain  nourishment  from  living  tissues,  and  are 
to  be  classed,  at  least  at  times,  with  the  paraftUes.  In  human  lM»ings  both 
forms  occur. 

Outside  the  organism  the  moulds  are  generally  known  as  the  pro- 
ducers of  the  diffei-ent  mouldy  films  which  so  frequently  develop  upon 
organic  substances.     They  belong  to  different  groups  of  fungi. 

The  yeast-fungi  are  the  cause  of  alcoholic  fermentation,  and  form  the 
scnni  on  the  top  of  alcoholic  beverages. 
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§  181.  Yeasts  occur  in  man  in  the  form  of  miked  or  encapaulafrd,  oval 
or  round  C4'Usoi'  varying  size.  They  are  found  chiefly  as  harmless  sapro- 
phytes, most  frequently  in  the  upper  part  of  the  intestinal  canal — in  the 
stomach — where  they  are  almost  constantly  present;  and  when  bev(»rages 
in  the  i>rocess  of  alcoholic  fermentation  are  taken  they  may  occur  in 
large  numbers,  and  may  also  multiply.  In  the  bladder  they  may  like- 
wise multiply,  in  case  the  urine  contains  sugar;  and  may  cause  fermen- 
tation of  the  urine  with  evolution  of  carbonic-acid  gsis. 

As  parasites  no  importance  has  been  attiiched  to  them  until  very 
recently,  but  the  investigations  of  Busse,  Buschke,  Sanfelice,  Curtis,  and 
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others  have  establislied  the  fact  that  there  are  also  9pecie9  of  Ka<^nr 

mifcties  of  pathogenic  importance.     According  to  these  observatioite  tk 

pathi^^uic  yeasts  cuu  multiply  in  different  tissues,  in 

the  skill,  periosteum,  lungs,  and  glandnlar  organs^  and 

can  excite  either  purntent  inJiammatiomSy  or  proli/eraiwms 

of  grannlation  tiiofne^  which  run  a  course  gjmilar  to  that 

of  an  infection  with  actinomycosis  or  tut)erculo6is.     In 

iufiammatory  foci  the  yeast  cells  are  for  the  chief  part 

providiHl  with  a  capsule.     They  may  be  present  in  large 

nnmlH^rs  so  that  through  their  mass  alone  they  may  gire 

rise   to  tumor-like  swellings.     Through  d^generatiTe 

changt^  crescent  ic  forms  may  develop  from  the  oval 

yw^-ivlls. 

In  solutions  ct>utaining  sugar  the  blastomycetes  form  oval  ceQs  (I^ 
51tiK     Reproduction  takes  place  through  budding  and  constriction;  ob 

any  pt^rtion  of  the  parent  cell  there  naj 
develop  an  exeresceDce,  which  is  eonstrkt- 
ed  off  after  it  reoriics  the  siae  oi  the  moUi^ 
celL  Under  certain  eoodidonB  the  celis 
may  grow  out  into  threads  or  Iqrplue*  bot 
in  thtt^  threads  no  subsequent  segmeoU* 
tiou  iHTcur;  J4>inted  threads  arise  thuMi^ 
budding.  A  dilute  culture-medium  favvr» 
the  formation  of  threads. 

riMrii-te^Ci  are  foond  in  man  partly 
in  the  fmrm  of  simple  or  branched,  no* 
jointed  or  jointed  threskb  of  vaiying  thick- 
ness; and  partly  as  oblong  or  even  as 
tU  \  ft  ^^        spherical  cellsL  "  The  threads  are  de^d? 

V  }  ^*V      limited  as  Jijpfcg  (  Fig&  517.  51>K  and  the 

S  /  ^^^      ^^^^  which  they  form  as  aqroeihuB ;  thi^ 

^  A     V  ^  spherical  or  loo^  oval  or  sIkwI  cyiindnral 

celLs^  which  are  frequently  arranged  in  thr 
form  of  a  rosarr^  as  JMrva  or  better  a» 
caaiii»-5pafcs  <  Fig??^  air*  51>>  Onlyran^ 
It  has  thm  been  observed  within  the  N«1t 
a  fmetifieatioB  vpiMi  special  frmt-^i^gaii^ 

partly  pavasiaes;  and  arv 


fM.  317.-  riimlfe  Qivi 
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The  ttfeoolds  are  partly 
fo«ml  almost  exclusively  in  regions  aeees»- 
hie  t>om  wichout^  ;fe»  the  sk^  intestinal 
eaaaL  vespiratorr  trairt.  external  ear.  vagina. 
etc.  iHii^  exeeptiooallT^  and  umler  espeemi 
couditioQSv  do  they  rvoeh  the  iuCemal  organs^, 
asw  for  example;  the  brain.  It  is  evident  that, 
ott  the  whole*  the  11  v  lug  tissnvs  of  the  himma 
oi^^Uftibim  do  not  affV^cU  a  suitaMe  notrienfi 
meUium  for  the  mould-fungi,  and  the  life- 
activities  of  the  tissue-cells  for  the  greatx^r 
part  do  noli  permit  their  development  and 
multiplication.  The  need  Ivr  oxyuen  pee- 
\euts  tile  growth  of  mt>uliis  in  many  dssmss: 
-i»«l  tor  many  moulds  the  Demperature  of  the 

iHHiy  is  t»M»  flight     Xore«)ver.  rlie  «*hemical  eompustn««a  of  the  ts 
ibHfts  m>t  offer  tv  the  moulds  ;i  li&vi>nible  mixtUM  of  nntriens 
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Moulds  growing  as  saprophytes  occur  in  man  most  frequently  in 
the  alimentary  canal,  iwrticulaily  in  the  mouth,  pharynx,  and  eempkoffus. 
Tbey  develop  in  these  regions  particularly  when  the  ingesta  or  dest^ua- 
iaat«d  cells  lie  undisturbed  in  one  position  for  a  long  time,  and  when  the 
function  uf  theorgan  concerned  islowered.  They  a  I'e  recognized  through 
the  formation  of  hyphie  and  conidia. 

In  the  external  aniUtory  canal  moulds  grow  especially  in  abnormal 
masses  which  fill  up  the  paHsage  and  consist  in  part  of  cerumen,  or  of 
inflamuiatuiy  exudates  and  desquamated  cells,  and  la  part  of  substances 
introduced  from  without. 

In  the  lungs  moulds  are  occaaionallj'  found  upon  tiie  necrotic  wall  of 
ravities,  particularly  those  due  to  tuberculosis,  as  well  as  in  necrotic  and 
g-^ngrenouB  hiemorrhagic  infarcts,  etc.  In  the  air-passages  they  are 
observed  most  frequently  in  bronchiectases. 

In  the  alimentary  tract,  as  well  an  in  the  ear  and  lungs,  the  moulds 
form  chiefly  a  whitif^  deposit  on  or  in  the  tissues.  In  the  event  of  fruc- 
tification upon  especial  fruit -t)earer8  they  may  take  on  a  brown,  gray,  or 
even  black  appearance.  In  the  intestinal  canal  the  food  and  drink  may 
give  them  various  colors. 

At  first  the  moulds  grow  in  dead  material,  but  they  may  penetmte 
thence  more  or  less  extensively  into  living  tissue;  and  cases  have  been 
observed  in  which  they  have  even  entered  the  circulation  and  have  been 


[|.  pplUiellunilnOllnitnl  wltbwll*;  t,  eorci  anil  bullU ; /,  c 


carried  by  the  blood-stream  to  distant  organs.  Thus  the  fungous  gi-owth 
called  thrush  which  appears  chiefly  upon  the  mucous  membrane  of  the 
month,  pharynx,  and  txsophagua,  and  more  rarely  upon  that  of  the  xtomach, 
itUextine,  and  vagina,  and  upon  the  nipples  ot  nursing  women,  cannot  be 
regarded  as  a  pure  saprophytic,  but,  on  the  contrary,  is  a  parasitic 
growth,  which  penetrates  into  living  epithelium  (Fig.  519,  r),  and  even 
into  the  underlying  cx>nnective  tissue.  It  is  true,  however,  that  thrush 
occurs  chiefly  in  infanta  and  in  debilitated  invalids  who  are  no  longer 
able  to  cleanse  the  mouth,  throat,  and  ccsophagus,  so  that  some  especial 
local  pi'edispoBition  appears  to  be  necessary  for  its  development,  and  it 
is  probable  that  the  primary  colonization  of  the  fungus  takes  place  in 
dead   material.     Hevertheless,  there  occurs  then  aa  active  penetration 
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into  living  tiHKue — that  is,  first  into  the  epithelimn  (r,  «F),  bat  often  alN» 
into  the  connective  tissue  (a,/),  and  into  the  blood-vessels,  and  fi\»ui 
these  portals  of  invasion  there  may  develop  metastases  in  the  inteni:il 
organs.  Thus,  Zenker  has  obsen-ed  hyphje  and  eonidia  in  an  abse««  of 
the  brain ;  and  Paltauf  has  reported  a  case  in  which  a  mould-fungus  wa> 
c^onveyed  from  an  intestinal  ulcer  to  the  brain  and  lung.  8chmorl  and 
Heubner  have  described  thrush-metastases  in  the  kidneys. 

Moreover,  i^rowths  of  moulds  in  the  lungs  are  not  always  confined  to 
dead  material  or  to  the  cavity  of  the  bronchus^  but  it  hai>pens,  thou<^ 
rarely,  that  they  i)enetrate  into  the  li\ing  respirator^'  parenchyma,  fomi 
ing  small  white  or  yellowish,  nodular  masses,  within  which  the  lung  ti^Uf 
is  necrotic,  while  in  the  neighborhood  there  is  formed  an  inflammatorv 
infiltration.  In  the  injured  cornea  they  may  likewise  penetrate  into  tbt- 
tissue  and  cause  necrosis  and  inflammation. 

Local  colonizations  of  moulds  which  penetrate  into  living  tissue 
cause  a  more  or  less  marked  irritation  of  the  surrounding  tissues,  ami 
give  rise  to  tissue-degenerations  (Fig.  519,  c)  and  inflammation.  Sutb 
changes  may  be  observed  in  mycosis  of  the  lung,  as  well  as  of  the  intes- 
tine (c,  d,  /)  and  ear.  When  invading  the  lungs  they  form  growths  of 
hyphsB  which  resemble  the  granules  of  actinomycosis,  audai*e  surrounded 
by  collections  of  cells.  Their  action,  however,  is  always  limited,  and 
they  produce  no  substances  which  are  injurious  to  the  organism  as  a  whole. 
or  cause  symptoms  of  poisoning.  The  frequently  reported  finding  of 
moulds  in  abscesses  of  the  subcutaneous  tissues  and  internal  organs  are 
probably  to  be  interpreted  as  due  to  the  fact,  that  along  with  the  Iku*- 
teria  causing  the  suppuration,  moulds  also  get  into  the  tissues,  as  well 
as  into  the  circulation.  A  general  spreading  of  mould-fimgi  does  not 
occur  in  these  cases,  in  that  the  further  development  of  the  same  is  con- 
fined to  the  place  of  the  metastasis. 

The  moulds  which  are  saprophytic,  or  ave  to  a  limited  extent 
parasitic  in  man,  belong  to  the  Mucor,  Aspergillus,  and  Eurotium  gen- 
era. From  the  ear  various  species  have  been  obtained:  Aspergillus fnm- 
gatus  (Fresen),  Aspergillus  flaws  or  flavescens  (Brefeld,  Wreden),  A%- 
pergilhis  7iiger  or  nigricans  (Van  Tieghem,  Wreden,  Wilhelm),  AsperffWux 
nidulans  (Eidani),  Eurotium  malignum  (Liudt),  Mueor  corgtnbifery  and 
Trichothecium  roseum;  and,  in  so  far  as  known,  these  are  the  same  species 
which  occasionally  occur  in  the  i^espiratory  ti-act. 

In  the  majority  of  cases  it  is  necessary,  in  order  to  determine  the 
variety  of  mould,  to  make  cultures  upon  suitable  nutrient  media  (dec<H - 
tion  of  br(»ad,  breiui-agar,  potato,  gelatin,  etc.).  On  these  the  conidiji 
which  are  sown  grow  out  into  germ-tubes,  and  form  simple  or  branched, 
unicellular  or  multicellular  threads,  on  which  arise  the  i>eculiarly  c(»n- 
structed  fruit-bearers  characteristic  of  the  species,  which  eventually  |>n»- 
duc«  conidiju  Many  also  form  spores  through  the  copulation  of  cells  of 
tlie  myceli.a,  especially  when  the  supply  of  oxygen  is  lowered  (Bit»felii 
Siebenmann). 

In  the  mucors  there  appear  especial /r«//-?>mrer«  (Fig.  520,  c),  vhich 
according  to  the  sx)ecies  are  either  single  or  l)i*anched,  and  on  theendsrf 
which  there  are  knob-like  swellings  from  which  the  sporangia  ((f)— that 
is,  spherical  vesicles  filled  with  conidia-spores — grow. 

Mucor  cofymbifer,  for  example,  forms  bmnched  fruit-bearers  rFip 
520,  r).  The  sporangia  (d)  on  the  ends  passess  a  smooth  membrane  aiid 
iMiclose  at  the  time  of  ri])ening  yellowish  conidia-sx)ores. 
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The  aspergilli  form  eonidia-briire>»,  which  swell  out  spherically  above, 
awl  then  produce  uiimerons  gtrngtiuita — that  is,  cone-like  outgrowths, 
radially  arrauned,  thickly 
crowded,  and  sprouting 
out  from  the  upper  half 
of  the  sphere.  From  each 
sterigma  a  chain  of  ctmiditt 
is  later  constricted  off  (Fig, 
521,  a,  b). 

The  botanical  position  of 
ihi-  ftttigm  of  thruah  is  still 
unsettled.  Formerly  it 
vtan  called  Oidlum  albi- 
caiu,  and  classed  with  the 
genus  O'idinni,  which  oc- 
curs iu  differtnit  species  in 
the  form  of  fllmy  coat- 
ings upon  organic  sub- 
stance.s.  When  cultivat«d 
from  conidia  it  pro<luces 
hyphiB  which  become 
joiuted  and  develop  coni- 
dia through  a  transverse  division  of  the  threads,  but  form  no  peculiar 
fruit- bejirers. 

According  to  Rees,  Grawitz,  K4'lirer,  the  thrush-fungus  grows  by 
budding  and  by  the  production  of  niycelia  and  conidia,  which  in  tuni 
produce  at  their  ends,  by  a  process  of  constriction,  new  conidia,  in  a 
manner  similar  to  that  which  takes  place  in  the  forms  of  niycoderma 
belonging  to  the  yeast- fungi. 
Consequently  this  fungus  should 
l)e  designated  Mycoderma  albi- 
cans. Liuossier  and  Koux  are, 
however,  of  the  opinion  that  the 
thrush-fungus  does  not  l)eloug 
lit  all  to  the  saecharoniycetes, 
mid  they  I'egard  its  classification 
;it  the  present  time  as  impossi- 
ble, Ca6,  who  has  investigated 
numerous  varieti4-»  of  mdium,  re- 
gards the  oiidia  ns  a  weU-defiued 
class  of  fungi  standing  between 
the  blast omycetes  and  the  hy- 
lihomycetes,  which  they  ap- 
proach through  their  production 
i>f  mycelia. 

According   to   Plant   the 
tliriish-fungus  is  identical  with  a  mould,  .Voiiilia  cumViilu,   which  occni-s 
frequently  in  natore.     Kehrer  siutpects  that  it  isono  of  t ho  higher  moulds 
vhich  has  become  degenenited  through  parasitism. 

Acocnllng  to  Heftmayer  aW  vni-itlie*  of  yenttt  arc  tvs\fAaa\.ia  tlie  (ligi'slive  jiiicos, 
and  mny  pass  through  tiie  iiuman  Intcstiiiul  tnict  without  being  killed.  WItliout  tlie 
GoiDctik'tit  iiitroductloD  of  some  ffnnt'ntabU-  substance  tlity  ure  liarmlcRS.  They  o\crt 
an  iaflucnce  upon  tlie  inteBtiaal  cans]  only  wliun  fcrmentsbli;  Hiihslannts  arc  iutmiliircd, 
whereby  at  the  high  temperature  of  tbc  l»ody  abDornml  products  of  rrrnwntaliiin  are 
produced  having  an  irritating  actiou  iipou  tiic  inU?HtiDaI  trad. 


xSi? 


(IS2  thf:  pathogenic  yeasts  and  moulds. 

liuMf  found  (1804)  great  numbers  of  yeast-oells  developing  in  tbe  diseased  kgs 
pn^NtMit  in  H  wt)innu^  thirty-one  years  of  age,  who  died  from  multiple  infianuuattoos  ot 
t))o  bonoN,  Nkin,  huign,  kidneys,  and  spleen,  partly  tumor-like  and  partly  abaoess-formiDe. 
Aooortling  to  hin  (inditxgs  it  may  be  regarded  as  certain  that  the  yeast  was  the  c^we  fi 
X\w  iliwviwv     The  yeast  could  be  easily  cultivated  upon  suitable  media.    Mice  v^ 

ImrticMihu'ly  Kusivptihle  to  inoculation,  dying  in  from  four  to  eightv>three  days  after tk 
njiH'lion.  \\  death  the  yeast-oells  were  foimd  to  have  martceJly  increased  both  at 
tho  plaint  of  inoculation,  and  also  in  the  internal  oigans.  A  proliferatioa  of  tisue 
uoiniri^Hl  tniiy  after  a  long  duration  of  the  infection. 

/^ijtrAAr' found  yeasts  in  multiple  ulcers  of  head  and  neck«  arising  from  acse-like 
leHi\>ns«  iiilcHnsi  anil  Stokrs  found  yeasts  in  a  lupus-like  affection  of  tbe  skin.  L<<tfrs- 
biwA  and  i^pfMrfhrim  found  a  yeast  in  the  skin  of  the  nose  shewing  formation  of  noduks 
nnd  wtir- tissue. 

In  IS^Hi  (tUchrt^  reporteil  ob^er^'ations  on  a  peculiar  progressive  affection  of  tbe 
ttkin  olu*racten«t\l  by  epit  nelial  hyperplasia,  miliary  abscesses,  and  infiltration  of  therjt.N 
In  tlie  )d^^iVao«(^s  doubly-contourea  refractive,  routid  and  o\'al  bodies  were  found.  Thtr 
>*ari*Hi  in  xiie  fr\ntt  U>  A)  «  ami  piesenteii  buds  of  varying  sixe.  To  this  ofcamsm  tbe 
lMn>e  of  t\Uifi^»"*^tcts  iitrmuUitufis  was  ci^'en.  and  the  skin  cooditaoii  wss  ca&ed  biaxid' 
«M«\v6c  litrm^ii'tts^  AUnil  tifty  ea:9e!$  o(  this  kind  have  since  been  reported,  the  majoritr 
i4  th^Hu  b^'  t^h(c:^^>  ^4^T»r\-ers.  In  some  of  the  eases  a  fatal  generalized  infection  bis 
l^^vH^  neen.^  Vli*^  v^rieani^us  cultivated  from  the  cases  fall  into  tkree  groups:  I,  a  biaf^c- 
n^^tvt^vHl;  '^.  ^n  okiiun^like:  ami  3.  a  hyphoniyeetoid  croap.  Aecorc&«  to  Rickftu 
\{^\r  \\M%y  \^  im*hKle\i  in  a  commoQ  cenus^  l>u:V'4Bi,  &n»i  he  has  proposed  the  tena 
«Hvttv«M«;«i\v^:;»  tW  t  W  x-^riiHis  le$K>Q$  produced  bv  these  orsanisokSL  At  the  pivsmv  lime 
iKe  ev^vS  Uvtanictd  da-saimcsitioQ  of  tbe  bitter  \s  not  pc«sisble. 

I'lKWr  tlie  vK>s4;ct«atKMi  of  cwfCT>'»  ••  <a<  ^ns'^u^jtm  there  have  been  leporied  eiebteesi 
ft!^A^  vtour*<fV«  K»l  th«we  kcK>«n  to  have  liv^  in  Cahfomsi  of  a  cood&kn  doarir  rp- 
9KHuMuyt  v>*.ii\v?v\v\^<<t^  but  ap^xftn^ntbr  dif^erinc  from  it  in  certain  ^^ntiiml  clalacccnstic^ 
atni  u\  tW  na^vir^  iVf  tW  occaobots  Kniad  in  the  fesscn:^.  Is  rczts  a  ^or  aeveie  ac-i 
|Mrvxi^^f«^^^  v*"  cv^r^  thaii  tS^  Ucter  cvetu:3i>n.  a2>i  sefsjenliied  infectajo  is  the  rule.  TV 
o<>E!!Aiusu^  i»»' J^ij.'4.wciK  by  e«h.tv>cecx^u:$  scvr^sioa  najteai  .^  by  botiimig.  Opkils  wwii 
K^^  ^  «t\h  the  vHvi^  utT«ier  :Se  a;:&r.i«^  oC  t<^  '^'t&m  r>J«ru^n«M.  Tbe  leaoas  prodcer<i 
bv  k^  wtivt^'b^  cubervWs  clc«c^y  in  tbie  wai^^^cicy  o£  e^ses^  aad  cfixMaSr  tfe  cfinse  his 
bN^««i  tu&s^Av>f«i  !v»e  tu^tpnpuiv^!«v 

Csi/«  t;*AV  e\$>r<VMifttt«Ni  w\^3l  3nRfe«te  trom  friL':-;'iBees<  aai  S;anki  isbo^  these  ose 
i:V%lSv<iCrw  ;>.^  c*^^9E}«iir<*4r»  Siacc^/r'/m^fY^  ^^vn/r^mau  aiai  one  padluKCinr  fx  &iAts5 
aasi  vkxri  .s'SA.\-ndory«nqi^'«9  .'.»iu^v«w9  ^  Cvt:^  ^:unii.  at  mnirspte  ctrvfiLii  iTiimt  cf  th^ 
9ikM  i>rQ¥<»(^w'*4C  ^  vwaiTWtttsi.  vcife<t-<eiL»  w^ariL  weve  Ta'amceBner  Sir  inee.  ats.  s^ 
v^iC*.  K'^^"*^  ^tw  e.\|;'«rrtm»fe;Md  wtti  the  yotitiC  iuscri^^i  by  £^«.  SbcbI  tisx  f* 
>^KV«.  u:.vHK  tn'o  *:>«r  yvr*fXHMtw  <a'«^crT  c(  nm  cauzie«£  -naat  "jirauiri  "sut  SaiBAarc  >/' 

i  ..'KvKv«^  v^'  N'^tt  jwt^i  <;L*tmu  cv*f*i  .s:aM<ttaKaw*ci  ini&imnmisaiL  Jt  tik  noaasBecr 

Si'».«''»'^   '/^•'*'£t.  *"-*Av.  Yvfm.'^t,  }fimmihi.  LMivtjviu^  smi 

>4t^tf  'Sfv»*  /k^^-v:  ivya  jv  ^icsi  *v-**<^««u*"5sv    uxki  "sttf  •tmrfng  ji  jgiuc  5fe  acnccrc?  - 
•r>iv  v»tr.v'**^  j^^c<i  i  Tti^.  j\  .hp*«s  ^*f«f  ~r*af  *i9fc?t-'*silK  i&MK luc  3«cnic  iC'a»«flui:&-= 

X'«i«f>vt7«.  II**.  ut\t.  %'K.tt  it.'*»vuv^;»t  u»u  la?  :u»vu--nr'*nr  ii  jmnsutfik  .jjsrw  as-'  "-^ 
>s<s.«vs<  ««ni  *-t**tt  i*»nyj»  4&t*Kru]C*i  ':K5r«»  >v3u  lew^oiTissiika  it  »uiiln.  sokl.  smcza -7 
K*  ♦t»v*^''<!<  ^  •i.tx-*A>it  ^*     i^*  «.Mtra»  •x'i?wuiur  Hfy^yiM   iw  insi  ▼rroin.  wuBSL*a^^^^ 

*«K'\i  »■  •v'»vxv  it.v.  -h*  >»i  v>»-.^rTs»ax  i\  TuJOi*^  ruirth*  n.  tie  <:\iav«s  jniL  "Se  "^^ 
#»»w   ••>*.•  »    *.xv  ♦v^.^.ii    u>/U    t»v    •^5r*a»^*>^. 
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cially  in  birds,  and  the  proliferating  mycelia  cause  tissue-necrosis  and  inflammation. 
According  to  Chantemesse,  Aspergillus  fumigaius  causes  in  pigeons  diseased  conditions 
of  the  mouth,  lungs,  liver,  and  kidney,  that  of  the  first  two  or^ns  resembling  diph* 
theria,  that  of  the  latter  two  closely  resembling  tuberculosis.  It  may,  therefore,  bo 
designated  pseudotuberculosis  aspergillina.  According  to  Poiain,  the  infection  may  be 
transmitted  to  man  and  give  rise  to  ulcerative  diseases  of  the  lung. 

EuTotium  and  Aspergillus^  according  to  Siebenmann,  are  two  dififerent  families, 
liaving,  however,  a  close  resemblance  to  each  other,  in  that  the  m^oelia  and  conidia  are 
similarly  formed.  The  essential  differences  between  the  two  lie  m  the  fact  that  Euro- 
Hum  produces  perithecia  in  the  form  of  shining,  light-yellow  or  sulphur-yellow,  translu- 
cent bodies  the  size  of  agrainof  sand,  delicate  and  easily  crushed,  and  wnich  ultimately 
develop  into  spores  capable  of  germination;  while  the  true  Aspergillus  forms  hard, 
woody  sclerotia  usually  embedded  in  a  thick,  white  matted  mass  of  mycella.  The 
development  of  these  takes  place  in  two  periods.  The  second  part  of  the  development 
occurs  only  when  the  sclerotium  findi  a  lodgment  upon  a  moist  substratiun. 

Aspergillus  flavus  of  Brefeld  (Eurotium  Aspergillus  flavus  of  de  Bary)  forms  golden 
yellow,  green,  and  brown  growths;  round,  yellow,  olive-green,  or  brown  fruit-heads; 
round,  rarely  oval,  sulphur-yellow  to  brown  conidia  with  minute  warts  on  the  surface; 
diameter  5-7  /i.  Aspergillus  fumigatus  of  Fresen  {Aspergillus  nigrescens  of  Robin)  forms 
green,  bluish,  or  gray  growths;  the  fruit-heads  are  long,  in  shape  resembling  an  inverted 
cone;  conidia,  round,  rarely  oval,  smooth,  mostly  clear  and  colorless;  diameter  2.5-3  fi. 
Aspergillus  niger  of  Van  Tieghem  (Eurotium  Aspergillus  niger  of  de  Bary)  forms  dark 
chocolate-brown  growths;  conidia  are  roimd,  brownish-black,  or  grayish-brown  when 
ripe;    surface  smooth  or  warty;    diameter  3.6-5  ft. 

Aspeigillus  can  develop  upon  the  injured  cornea  and  give  rise  to  purulent  inflam- 
mation. Ld>er  (Graefe's  Arch.,  xxv.)  cultivated  it  upon  the  cornea  and  in  the  anterior 
chamber  of  the  eye  of  the  rabbit.  Finally,  Aspergillus  also  appears  in  the  pelves  of 
the  kidneys.  Babes  (Biol.  Centralbl.,  ii.)  found  the  conidia  and  hyphse  of  a  mould  in 
ulcers  of  the  skin  which  were  covered  by  scabs,  and  gave  to  it  the  name  of  Oidium 
subtile  cutis. 

Literature. 

(Pathogenic  Blaatomycetes.) 

A.cevoli:  Blastoraiceti  nei  neoplasmi.    Cbl.  f.  Bakt.,  xx.,  1896. 

Bernstein:  Pathogenit&t  d.  Blastomyceten.     Z.  f.  klin.  Med.,  40  Bd.,  1903. 

Binag^l^:  Blastomyceten  in  Epitheliomen.     Zeitschr.  f.  Hyg.,  xxiii.,  1S96. 

Brown:  Coccidioidal  Granuloma.     Jour.  Am.  Med.  Assoc,  1907. 

Buschke:  Die  Hefenmykosen.     Samml.  klin.  Vortr.,  No.  218,  I^ipzig,  1898  (Lit.); 

Blastomykose,  Stuttgart,  1902,  u.  A.  f.  Derm.,  68  u.  69  Bd.,  1902  (Lit.). 
Bnsse:  Die  Hefen  als  Krankheitserreger, Berlin,  1897  (Lit.);  Pathogene  Hefen.  Ergebn. 

d.  allg.  Path.,  v.,  Wiesbaden,  1900  (Lit.),  u.  Handb.  d.  path.  Mii^roorg.,  ;.,  1903 

(Lit.). 
Crohn:  Ueber  die  Kleinsche  tierpathog.  Hefe.     C.  f.  B.,  xxxiii.,  Orig.,  1903. 
Corselli  u.  Frisco:  Pathogene  Blastomyceten.    Cbl.  f.  Bakt.,  xviii.,  1895. 
Curtis:  Saccharomycose  humaine.     Ann.  de  I'lnst.  Pasteur,  1896. 
Xvans:  Blastomycosis  of  Skin  from  Accidental  Inoculation.    Jour,  of  Amer.  Med. 

Assn.,  1903. 
Foulerton:  Pathogenic  Action  of  Blastomycetes.     Jour,  of  Path.,  vi.,  1899. 
Frothingliani:  Tumor-like  Lesion  in  the  Lung  of  a  Horse  Caused  by  a  Blastomyces 

(Torula).     Jour,  of  Med.  Res.,  1902. 
Gilchrist  and  Stokes:  Pseudolupus  Caused  by  a  Blastomyces.    Jour,  of  Exp.  Med., 

iii.,  1898. 
Oilkinet:  Sort  des  levures  dans  Toi^anismes.     Arch,  de  m^i.  exp.,  ix.,  1897. 
Hyde:  Blastomvcetic  Dermatitis.     Jour,  of  Amer.  Med.  Assn.,  1902. 
Ijeopold:  Aetiologie  d.  Care.  u.  pathog.  Blastomyceten.     Arch.  f.  Oyn.,  61  Bd.,  1900. 
Ld'vtrenbach  u.  Oppenheim:  Hautblastomykose.     A.  f.  Denn.,  69  Bd. 
Kaffiicci  u.  Sirleo:  Blastomyceten  als  Infectionserreger.     Zeitschr.  f.  Hyg.,  xxvii., 

1898. 
Neumayer:  Wirk.  versch.  Hefearten  auf  d.  thier.  u.  raenschl.  Organismus.    Arch.  f. 

Hyg.,  xii.,  1892. 
Nichols:  The  Relation  of  Blastomycetes  to  Cancer.     Jour,  of  Med.  Kes.,  1902. 
Ophtds:  Coccidioidal  Granuloma.     Jour,  of  Amer.  Med.  Assn.,  1905. 
Orznsby  and  Miller:  Systemic  Blastomycosis.     Jour.  Cut.  Dis.,  March,  1903. 
Babinowitsch:  Pathogene  Hefearten.     Zeitschr.  f.  Hyg.,  xxi.,  1895. 


684  THE  PATHOGENIC   YEASTS   AND   MOULDS, 

Sicketta:  OidiomyoofliB  (Blastomyoosis)  of  the  Skin  and  its  Fungi.    Jour,  of  Me^i 

Res.,  1901. 
Honcali:  Blastomyoeten  in  Sarkomen.    Cbl.  f.  Bakt.,  xviii.,  1895. 
Saufblice:  Pathogene  Wirkun^  d.  Blastomyoeten.    Cbl.  f.  Bakt.,  xvii.  and  x^ili.; 

Zeitschr.  f.  I^g.,  xxi.,  xxii.,  1896;   xxvi.,  1897;   xxix.,  1898;   xliv..  l^OCl. 
Sternberg:  Unters.  Ober  pathogene  Hefen.     Beitr.  v.  Ziegler,  xxxii.,  1902. 
Weie:  Four  Pathc«renic  Tonils  (Blastomyoetes).    Jour,  of  Med.  Res.,  1902. 
Wolbach:  The  Li&  Cvcle  of  the  Organism  of  **  Dermatitis  Coccidioides."    Jour,  d 

Med.  Res.,  1904. 

( The  Maukls  and  the  Mould' Mycoses, ) 

Baumgarten:  Die  pathoeenen  Hyphomyoeten.     Deut.  Medicinal-Zeitung,  1884;  Lehr- 
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1904. 
ChAntemeeae:  Pseudotuberkulose,  auf  Pihwucherungen  beruhend.    Cbl.  f.  allg.  Path., 

i.,  1890. 
]>abreiiilli:  Les  moisissures  parasitaires  de  lliomme.    Arch,  de  m^.  exp.,  iii.,  18^1 

(Lit.). 
FUrDringer:  Lungenmykose  beim  Menschen.     Virch.  Arch.,  66  Bd.,  1876. 
Qrawits:  Schimmel vegetation  im  thier.  Organismus.    Virch.  Arch.,  81  Bd.,  1880. 
Hoohheim:  Pneumonomykosis  aspergillina.     V.  A.,  169  Bd.,  1902. 
HUckel:  Mucor  corymbi/er  (im  ftuss.  Ohr).    Beitr.  v.  Ziegler,  i,  Jena,  1885. 
Xitt:  Mykose  d.  Luftwege  d.  Tauben.     Deut.  Zeitschr.  f.  Thiermed..  vii.,  1882. 
Xotliar;  Contrtb.  k  l'4t.  de  la  pseudotuberculoee  aspergillaire.    Ann.  de  Tlnst.  Pas- 
teur, viii.,  1894. 
Iieber:  Gr&fe's  Arch.,  xzv.;   Die  Entstehung  der  EntzQndung,  Leipzig.  1891. 
TiichtheJTn:  Pathogene  Mucorineen.     Zeitschr.  f.  klin.  Med.,  v-ii..  1883. 
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XXV.,  1889. 
Obid:  Pathogene  Eigensch.  d.  Aspergillus  fiunigatus.     Beitr.  v.  Ziegler,  xxiiL,  1$9S 

(Lit.). 
Oppe:  Schimmelmykose  d.  harten  Himhaut.    Cbl.  f.  allg.  Path.,  1897. 
Vrntawon. :  Pneumonomvcosis  due  to  the  Aspergilltis  fiunigatus.     Proc.  of  the  PatL  See 

of  Philadelphia,  1900. 
Berrondto:  Myoose  a^rgiUaire.     Arch.  ital.  de  Biol.,  vii.,  1886. 
Plaut:  HyphenpiLie.     Handb.  d.  pathog.  Mikrooig.,  i.,  Jena,  1903. 
Podack:  Aspergillusmykosen  im  Kespirationsapparat.     Virch.  Arch.,  139  Bd.,  IS^ 

(Lit.). 
Potain:  Un  cas  de  tuberculose  aspergillaire*    LT'nlon  m^..  1891. 
PoBCh:  Fadenpilze  bei  Thierkrankheiten.     Ergebn.  d.  allg.  Path.,  iv..  1899. 
S^non:  Rech.  din.  et  exp.  sur  la  pseudotuberculoee  aspergillaire,  Paris.  1893;  Etude 

sur  I'aspeigillose  chez  les  animaux  et  chez  lliomme,  Paris,  1897  (Lit.). 
lUbbert:  Der  Untergang  pathogener  Schinimelpilze  im  Korper,  Bonn,  1887;  Uel'^T 

wiederfaolte  Infection  mit  pathogenen  Schimmelpilzen.     Deut.  med.  Woch.,  1Sn>. 
Soeckl:  Ueber  Pneumonomykosen.     Deut.  Zeitschr.  f.  Thiermed.,  x.,  1881. 
BothweU:  Experimental  Aspergillus.    Jour,  of  Path.,  vii.,  1900. 
Sazer:  Pneumonomykosis  aspergillina,  Jena,  1900. 

Sd^enck:  Subcutaneous  Abscess  Caused  by  a  Fungus.    J.  Hopkins  Hosp.  BulL.  1$^>. 
Sdiftta:  D319  Eindringen  von  Pibsporen  in  d.  Athmungswege  u.  die  dad.  bedinjrt^ 

Erkrankungen  d.  Lunge,  Pilz  d.  Hilhngrindes.     MittheiL  a.  d.  K.  Gesw-Am^e,  fif*^ 

lin,  1884. 
BiabeiiiiianiL:  Die  Fadenpilze  .\spergiilus  fla\nis.  niger  u.  fumigatus.  Eurotium  t^!V^*' 

u.  Aspergillus  glaucus,  Wiesbaden^  188.'i;    Die  Schimmehnykosen  d.  Ohres,  Y^'k^ 

baden,  1889. 
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Bohn:  Soor.     Gerhardt's  Handb.  d.  Kinderkrankh.,  iv. 

Cad:  Oidien  u.  Oidiomykose.     Zeitschr.  f.  Hyg.,  34  Bd.,  1900  (Lit.). 

Fischer  u.  Brebeck:  Zur  Moqjh.  u.  Syst.   d.  Kahmpilze.    Monilia    Candida  u.  d 

Soorerreger,  Jena,  1894. 
Orawitz:  Parasit  dea  Soors.    Virch.  Arch.,  103  Bd.,  1886. 
Heller:  Zur  Lehre  v.  Soor.     Deut.  Arch.  f.  klin.  Med.,  55  Bd.,  1895. 
Heubner:  Soor-Allgemeininfektion.     D.  med.  Woch.,  1903. 
V.  Hibler:  Pyamie  mit  Soorinfektion.    Cbl.  f.  B.,  Orig.,  xxxvi.,  1904. 
Xehrer :  Der  Soorpilz,  Heidelbei^g,  1883. 

Linosflier  et  Boux:  Champignon  du  muguet.    Arch,  de  m6d.  exp.,  1890. 
Plaut:  Syet.  Stellung  d.  Soorpilzes,  Leipzig,  1885;   Neue  Unters.  z.  syst.  Stellung  d. 

Soorpilzes,  Leipzig,  1887;   Hyphenpilze.     Handb.  d.  path.  Mikroorg.,i.,  1903. 
Bees:  Soorpilz.     Sitzungsber.  d.  phy8.-med.  Soz.  zu  Eriangen,  1877,  1878. 
Scbmidty  m.  B. :  Die  Localisation  d.  Soorpilzes  in  den  Luftwegen  u.  sein  Eindringen 

in  dais  Bindegewebe  der  Oesophagusschleimhaut.     Beit.  v.  Ziegler,  viii.,  1890. 
Schmorl:  Ein  Fall  von  Soormetastase  in  der  Niere.    Cbl.  f.  Bakt.,  vii.,  1890. 
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Steiner:  Zur  Pathogenese  d.  Soorpilze?.     Cbl.  f.  Bakt.,  xxi.,  1897. 
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Zenker:  Himabscess.    Jahresber.  d.  Ges.  f.  Natur-  u.  Heilk.  in  Dresden.  1861-62. 

§  182.  Thread-funs^i  are  to  be  regarded  as  the  exciting  cause  of 
disease  iu  certain  affections  of  the  skin,  jis  favus,  herpes  tonsurans, 
pityriasis  versicolor,  erythrasma.  In  all  of  these  diseases  the  epithelial 
parts  of  the  skiu  contain  colonies  of  hyphie  and  conidia,  and  there  re- 
mains no  doubt  that  their  presence  causes  in  part  tissue-degenerations, 
and  in  part  proliferations  and  intla.mmations. 

The  fungous  of  favus  (Fig.  517)  is  usually  called  Achorion  Schonleini 
(discovered  by  Schonlein  in  1839). 

Favus  (tinea  favosa,  scald-head)  affects  particularly  the  hairy  portions 
of  the  head,  more  rarely  other  regions,  as,  for  example,  the  substance  of 
the  nails.  It  is  characterized  by  the  formation  of  discs  (favus  scuttUa), 
vaiying  in  size  from  that  of  a  lentil  to  that  of  a  five-cent  piece,  of  a  sul- 
phur-yellow color,  and  indented  or  pierced  by  a  hair.  In  an  abortive 
course  it  may  merely  form  scales  similar  to  those  of  herpes. 

According  to  Kaposi,  the  favus  scutulum  originates  as  a  small,  punc- 
tiform,  yellow  focus  lying  under  the  epidermis  and  penetrated  by  a  hair. 
This  grows  in  a  few  weeks  to  the  size  of  a  lentil  and  then  forms  a  sul- 
phur-yellow, indented  disc  showing  through  the  upi)er  layers  of  the 
skin.  The  scutulum  consists  of  hyphce  and  conidia  spores,  and  lies  in  a 
cup-shaped  depression  of  the  skin,  beneath  the  horny  layer  which  is 
drawn  away  above  it.  If  the  mass  be  removed  during  life,  the  cavity 
shows  a  red  moist  surface.  The  favus  itself  forms  a  white,  crumbling 
mass  which  is  easily  disintegrated  in  water. 

If  the  scutula  are  not  removed,  they  join  together  to  form  larger 
masses.  When  the  epidermis  is  desquamated  the  favus-mass  becomes 
exposed  and  dries  up  into  a  yellowish-white,  moitar-like  material.  The 
hairs  apx)ear  lustreless,  as  if  covered  with  dust,  and  are  easily  pulled 
out,  since  the  mycelia  and  conidia  of  the  fungus  penetrate  into  the  hair- 
shaft  and  hair-bulb,  as  well  as  into  the  sheath  of  the  hair-root. 

Through  the  growth  of  the  fungus-masses  the  hairs  may  not  only  be 
shed,  but  the  papillsB  may  become  atrophic.  At  the  same  time  there  is 
produced  in  the  neighborhood  of  the  hair-follicle  a  more  or  less  intense 
inflammation  which  may  take  on  an  eczematous  character. 

The  development  of  achorion  in  the  nails  (onychomycosis  favosa)  gives 
tise  to  sulphnr-yellow  deposits  or  uniform  thickenings  of  the  parenchyma 
of  the  nails  with  simultaneous  loosening  and  cheesy  disintegration  of  the 
same. 

Trichophsrton  tonsurans,  the  fungus  of  herpes  tonsurans  (^^barber^s 


686  THE   PAXnOGEXIC   YEASTS   .IJ^OJ    liOUU)». 

ffj'h,  '*  '*  ntunmrm  "^  .  «*oii2»isrs  « »t  '  *  tnsc  narrow  rhrpcuis.  hnmcfain^  Irar  lirr>. 
ami  with  tVw<*t>ni4iuw  Ii  :tinm»  ii<»  ^^ntniuus  maaseA.  imt  pefivfnitei»<^sifil7 
iar4»  rh«»  bair-^narr.  .md  inuk*^  riie  hair^  brittle^  It  shows  (terrain  dii&r 
«Mu*«*sof  i^rowrku  :u*tM>nlin:5  ro  whiK^her  the  lierpe»  <ieT^op»  nptui  kury 

^iz«*  t'roin  rhat  ot  •*  tiv»*-t*wit  ni***«e  ro  rhat  •>f  a  tlollar.  Thvse  ^>ib  zi 
whu'h  the  liairs  ;u*p  broken  otf  short  U>«>k  like  pkkees  in  whi^  riie  hair 
has  iH^tMi  badlr  shaveii.  The  .sorfaee  is  *^iii04»rh  or  «^vf»pptl  with  ^tcdei, 
luui  S4»iiiewha£  irHidened  at  rhe  i)ord«r  of  the  liise.  If  rhe  fuiigiHUitrHMfe 
penetrate  into  rhe  bairfollicit^,  puBtnles  :iud  ^wafaH  are  fonnc^  Sndi 
disM^s  mskv  appear  in  many  phu^ea^  and  may  eontssantly  intfMnn  tn^  s» 
until  lM>Mtiinj^  dnaily  takes  piatre. 

<>n  places  (h^^old  of  hairs  rhe  herpes  forms  vcacict»    Hrrpm  tafumnmi 
rpmeuiatm»  ,  ami  red  s«>air  spots.  iiiaes»  andtrireies  <  Sfrpe»  titmtminmt  iqw 
momui  >.     At  rimes  re^l  ;<p«rts  appear  in  onmeroiis  phuies;  thet»  qmi'kiT 
spread  and  in^  rapidly  heaL     The  ftmiecns  is  foimd  I)etweeu  rhe  upper 
most  layers  of  rhe  t^idennis.  jnb€  beneath  the  HlTatmn  comeum  •  KapiKi 

If  rriehophyton  «ieveiops  in  the  naiL  the  nail  beeoaieK  eiondy.  ir^r< 
o£  and  is  i^uMly  brnken — a  4*«>ndition  <Lesif:nalied  as  tm^thymtfrom  trit^ 
pkytimu 

^iyetma  pmrfmiarm  arises  rhroii|B:h  rhe  tart  that  the  ^ieTelopmenc  of  tih^ 
ftmii^ns  is  accompanied  by  a  sev^»«  iniiammation  of  the  hairy  pars  «if 
the  i4diu  Ieadin|3:  to  inliltration  ;uid  sappmration — that  is^  to  Tb»  ^nia> 
tion  of  pnstniesw  abtweases.  and  papillary  proliferationsw  A^eoffiinc  &> 
KiaptiHi  and  others  aeamBa  ntmrg^mttMsa  is  also  osuised  by  the  tEiefaffpfty- 
ton  t4in8iiniii&  The  (?ondttion  tieems  in  those  re^ons  where  two  mrtae^ 
of  24kin  come  into  i*ontaet  with  ««(Ch  other  and  are  maceraDed  br  ^weii: 

m 

;uid  is  eharai'terizeti  by  the  formation  of  vesicies^  pastaieSk.  and  :M9iifi^ 
wtiieh  are  ^tnated  in  the  p^ipimy  oi  a  pij^mented  ssorface^ 

ifGcmapairaK  inrter,  rhe  fungos  of  pitgrrona  or  iiij  laihin  ^vniorfv 
or  iifci  iMiiiiaM  viaais  fnifmw.«n>  oeenrs  Likewi^se  in  the  form  'id  krp&r 
and  conidia^  whieh  ;u:e  somewhat  smaller  than  those  of  other  ^in-fmi^^ 
The  patholotpcal  i^hangies  pnidnced  by  this  fungos  are  efaaraefieriaeii  bj 
the  formation  of  pale  yellow  or  yellowish-brown  to  dark-brnwn  and 
brownish- red  ^»tSv  varrinic  in  size  from  that  of  a  lentil  to  that  oC  thr 
band  sometimes  ^noooth  and  shiniuj^  at  other  times  <inll  and  exfoiiatinfL 
and  of  irrejrnlar  shape.  They  nuiy  be  spread  tuiiformly  over  lar;^  ana* 
of  skin:  and  :ire  t'onnd  fhiedy  ap«>n  the  trnnk^  netfk,  and  tiexor  sar£v<^ 
i»f  rhe  extremities,  but  never  npon  rhe  haiidsv  feet^  or  faee. 

iVGonspaffOK  mamtisBiiiiif  is  rhe  name  ^iven  to  a  thnMid-fas^:^^^ 
which  is  fonnd  in  the  skin  ad^'tion  known  us  er^rtteasaiA  lyoa  B&th:- 
sprnni^).  The  disease  is  characterizefl  by  the  formafcimiu  on  the  inner 
sflde  of  the  thigiu  of  brr>wii  or  reddish-brown  patches^  which  are  onlr 
sUjGchtly  sealy,  and  may  be  as  large  as  the  palm  of  the  hamL  The  fon^ 
is  fonnd  in  the  epidermis^  and  is  smaller  than  that  of  pityriasis 

The  threttd-fmm:!  oeenrrin^  in.  tibe  diseased  areas  of  the  skis  Baj  l« 
cultivated  upon  proper  me<iia  ^  agor-^igar^  agar-grli^mu  ^plafii&.  p^^o- 
to^,  blood-sernnu  etc. ).  and  on  such  the  conMia  deveh»p  into  so^  a>^ 
branching-  threads^  which  become  jointed  (Fig;  522.  a  •»  and  f^n 
efaains  of  ^ort  cells  ( A\  Onb-Uke  formations  whieh  frequieiich'  ap- 
pear npoa  the  ends  of  the  threads  in  enltnres^  are  teg:ar^ed  ^ 
QyrhM»fa>  and  £lBad)er^  as  imperfect  sporangia^  The  bolanni  p^; 
tioa  of  these  fongi  is  not  yet  determined;  and  nothing  »  kaowa  tntk 
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cprtainty  concernliig  their  difitribution  outride  of  the  humau  and  animal 
body. 

According  to  Quincke,  three  tornu  of  fungi  occur  in  tavus-maflses,  two  of  these  beinR 
varieties  of  one  species  of  fungus.  EUenberg  found  only  two.  which  he  regards  as  beins 
varieties  of  the  same  species.  Pick,  Plant,  and  Biro  believe  firmly  in  the  etiological 
unity  oF  favus. 

Sabouraud  advances  the  view  that  the  fungi  causinj;  trichophytosis  represent  very 
different  species,  all  of  which  belong  to  the  (tenu3  Botrytig.     Krfising  distinguishes  three 
groups  of  Irichophyton-fungi  according  to  the  differenl  appearances  of  the  cultures  on 
potato,  and   emphasizes,  moreover,  the 
differences  in  their  organs  of  generation 
and  fnictilication.     Rosenbach,  who  baa 
Wudied  the  moulds   occurring   in   deep 
Euppurating  inflammations  of  the  skin, 
differentiates  several  trichophylon-fungi 
as  the  cause  of  these  affections. 

According  to  SpietKhka,  the  Micro- 
tparon  fvr/ur  may  be  cultivated  from 
the  scales  of  the  skin,  and  in  cultures 
can  be  very  well  differentiated  from  the 
other  pathogenic  thread-fungi.  Through 
the  inoculation  of  the  fundus  a  typical 
mycosis  may  be  produced  m  man. 

From  the  great  number  of  recent 
investigations  by  various  writers  it  is 
impositible  to  deduce  anything  deflnile 
concerning  the  number  of  kinds  of  favus- 
and  trichophyton-fungi.  It  is,  however, 
evident  from  these  investigations  that 
the  nature  of  the  nutrient  medium  is  of 
great  influence  on  the  character  of  the 
growth  {Sabouraud,  WaeUck),  and  tb? 
difference  in  findings  is  to  be  referred  in 

a  great  measure  to  differences  in  the  fii>.  S!l-Cu1ture  ot  IVlchnphrfnn  (mwunifu.  a, 
nutrient  media  on  which  the  moulds  itmnrhing  thnsdi  with  lnn«  Jnfniswhirh  line  dell  ■ 
were  ^rown  rmtew»ll«:  K  tlin»dii  with  UilrK-witii^  •bort  hr- 

_*         ,  ',.  -,L    1-         '  .  m^nt*.  sonif  or  ttiem  belnff  niherlraJ.     x  370, 

Inoculations  with  fungi  grown  in 
cultures,  into  the  skin  of  human  beines, 
mbbils,  mice,  etc.,  which  were  made  by 

GraipiU.  Boer,  Munnich,  and  others,  gave  partlyncgative,  partly  positive  results.  Ai>- 
cording  to  Piaut,  the  inoculations  never  give  positive  results  when  spore- format  ion  haa 
already  taken  place  in  the  cultures. 

Ion  Hebra  has  described  (Witjur  tnal.  BlUUer,  ]8S1:  "  Die  krankh.  Verftnd.  d. 
Haul,"  Braunschweig,  1881)  as  dermalomi/coais  iliffuta  fieionim  a  peculiar  itching  der- 
matosis, which  occurs  on  the  elbow  and  bend  of  tne  knee  and  is  thought  to  be  caused 
by  fungi,  which  are  like  those  of  jnlyriaMt  vtrticolor. 

According  to  the  investigations  by  IF<Amer,  the  cause  of  the  skin  eruption  known  as 
lokela-i  which  occurs  in  various  South  Sea  Islands  (Fiji,  Hamoa,  and  Solomoni  and  which 
is  cliarocterize J  by  the  formation  of  scaly  rings,  is  an  Aspergillus. 

Famti  and  herpes  lonauran*  occur  also  in  domestic  aninula,  as  well  as  in  mice  and 
Toig  (cf.  FrieiMieTger  and  Friikner,  "  Lehr.  d.  spec.  Pathologic  der  Hausthiere  "). 
WaeUch  inoculated  human  individuals  with  favus  fungi,  which  he  had  cultivated  from 
mice  affected  with  fi.vus,  and  obtained  typical  favus  scutulariM. 

Intravenous  injections  of  favus-fungi  into  rabbits  {Bukoimky)  produced  in  the 
lungs  oF  these  animals  a  form  of  pseudotuberculosis;  and  cellular  nodules  are  found  in 
which  fiuigus  threads  have  developed  in  a  manner  suggesting  the  lesions  of  actinomy- 
co«is.  After  a  time  the  fungi  die- 
In  iDvertebrata  anlnula  there  not  infrequently  occur  diseases  pro<luced  by  my- 
celium-fungi. Thus  Botrylii  Batriani  cau.'tes  the  stvcalled  muscarditie  in  silkworms; 
Cordyceps  mUitaria  destroys  the  injurious  pine-spider  Gaatropaehia  pini;  Tarkhiunt 
neg<upermum,  a  black-colored  fungus,  kills  the  destructive  earth-caterpillar  Agrotis 
$tgetum.  Fungi  belonging  to  the  genus  Emrmta  attack  especially  the  caterpillars  of  the 
cabbage-butterfly  (Empma  radican»),  and  tne  house-fly  (fimnuso  mu»cw),  their  mycelia 

Sowing  all  through  the  caterpillar  and  finally  killing  it.     AchyUt  prol'fera,  accordmg  to 
arz  {Jahregher.  d.  MUndumer  Thierarzneiichule.   1882-83),  groWs  through  the  mus- 
culature of  crayfish,  and  it  the  cause  of  the  crayfish-pesL 
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CHAPTER  XII. 

The  Animal  Parasites  and  tlie  Diseases  Produced  by 

Tliem. 

I.  Protozoa. 

§  183.  Of  the  Protozoa  occurriDg  as  parasites  in  man,  only  a  small 
number  was  known  np  to  a  few  years  ago ;  and  even  the  known  forms 
possessed  but  slight  significancei  since  there  could  be  ascribed  to  them 

no  marked  influence  upon  the  tissues. 
Through  the  investigations  of  the  last  few 
years,  however,  diflferent  forms  have  been 
recognized  as  the  cause  of  morbid  proc- 
esses; and  it  is  quite  possible  that  there 
are  still  other  protozoa  capable  of  exciting 
pathological  changes  in  the  human  body. 
The  forms  already  recognized  are  repre- 
Fio.  ssa.~AmctbaeoUmitis,  Utter     scntatives  of  all  four  classes  of  protozoa. 

Room.)    o.  Free  motile  amoebOD ;  b,  en-  ^-vi?  ai_      r»i-a— ^— ^^- i-i.  •     ai_     • 

cysted  amoei».  xNO.  Of  the  Rhizopoda  there  occur  in  the  in- 

testine three  amoebse,  known  as  the  Amwba 
voU  vulgaris,  the  Amceba  coli  mitis,  and  the  Amceba  dysenierke.  The 
Amoeba  dysenteriae  is  certainly  distinguishable  from  the  other  two,  while 
the  Amoeba  coli  vulgaris  and  the  Amoeba  coli  mitis  resemble  each  other 
very  closely,  and  may  possibly  be  identical. 

The  Amceba  coli  vulsraris  is  a  harmless  intestinal  parasite  which  is 
not  infrequently  present  in  the  intestine  (Roos,  Kruse,  Pasquale).  The 
Amoeba  coli  mitis  was  observed  by  Boos  and  Quincke  in  cases  of  chronic 
enteritis  in  patients  who  had  always  lived  in  North  Germany. 

The  Amoeba  coli  mitis  consists,  according  to  Eoos,  of  a  protoplasmic 
cell-body,  from  28-30  /x  in  diameter  (in  the  spherical  condition).  It  ex- 
hibits slow  movements,  and  very  frequently  encloses  foreign  bodies,  for 
example,  bacteria  and  food-remains  (Fig.  523,  a).  Besides  the  motile 
form,  there  occur,  according  to  Boos,  also  encysted,  spherical  forms 
which  are  surrounded  by  a  double-contoured  membrane,  and  enclose 
clear,  round  vesicles  in  their  interior  (ft).  "When  fed  to  animals  (cats) 
no  pathogenlo  prox>erties  are  disclosed. 

The  Amoeba  dysenteric  (identical  with  the  Amoeba  coli  described  by 
Ijoesch)  has  a  diameter,  according  to  Boos,  of  from  15-25  /i,  but  accord- 
ing to  Kruse  and  Pasquale,  from  10-50  lu  In  the  cell -body  there  may 
be  recognized  a  homogeneous  ectoplasm  and  a  variable  granular  ento- 
plasm,  the  arrangement  of  which  varies  according  to  the  form  of  the 
animal  (Fig.  524,  a).  By  staining,  a  nucleus  may  be  made  visible  within 
the  cell.  The  cells  are  capable  of  active  movement,  and  assume  thereby 
the  most  varied  shapes  (d).  They  very  often  contain  foreign  bodies, 
l>articalarly  red  blood-cells  or  remains  of  such  (6),  or  are  studded  with 
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Fio.  BU^—AmctiM  dusenteria  sine  Amacha  edU  feiitL 
(After  RooB.)  a,  Amaehes  wlthoat  tncliMioiiB:  h,  ftmoebe 
fontalnlnff  bkxxl;  c,  amoelMB  witb  luge  Tacnolcs  ia  tlieir 
protoplaam ;  d,  young  fbrms ;  e,  encysted  f onns.    x  6B5l 


clear  vacuoles  (c).  According  to  Boos,  they  may  also  become  eii< 
cysted  (e). 

Aooording  to  investigations  by  Koch,  E^artulis,  Kruse,  and  Pasqnaie, 
they  are  invariably  present  in  the  dysentery  prevailing  in  Egypt,  and 
are  usually  also  demonstrable 
in  the  dejecta.  They  have 
also  been  observed  in  cases  of 
dysentery  in  Bnssia  (Loesch, 
Massiutin),  in  America  (Os- 
ier, Councilman,  Lafleur,  Lutz, 
Dock),  in  Germany  (Boos), 
and  in  Austria  (Ko vacs).  Ac- 
cording to  investigations  by 
Kartulis,  Councilman,  La- 
fleur, Kovacs,  Boos,  Kruse, 
Pasquale,  and  others,  it  can- 
not be  doubted  that  they  are 
of  some  significance  in   the 

origin  of  certain  forms  of  dysentery.  It  is  only  questionable  whether 
they  alone,  or  only  with  the  aid  of  changes  produced  by  bacteria,  are 
able  to  bring  about  pathological  changes.  In  supx)ort  of  the  latter 
theory  is  the  fact  that,  when  present  in  the  tissues,  they  are  always  ac- 
companied by  bacteria. 

Amcebic  dysentery  is  characterized  by  the  occurrence  of  a  hemor- 
rhagic catarrh,  and  by  the  formation  of  circumscribed  ulcers  with  under- 
mined edges.  The  amoebee  increase  not  only  in  the  intestinal  mucosa, 
but  also  penetrate  into  the  mucosa  and  submucosa,  and  there  form  large 
colonies,  in  the  region  of  which  the  tissue  undergoes  necrosis  without  tlie 
formation  of  any  large  amount  of  exudate.  By  the  rupture  of  the  sub- 
mucosal foci  through  the  mucosa  there  are  formed  ulcers  with  under- 
mined edges,  which,  gradually  increasing  in  size,  may  attain  large  di- 
mensions. 

If  ab9ce89es  of  the  liver  arise  during  the  course  of  an  amcebic  dysentery, 
these  may  also  contain  the  amoebse  in  addition  to  bacteria ;  and  it  may 
be  assumed  that  the  former  also  take  part  in  the  destruction  of  the  liver 
tissue. 

The  amcebcB  of  dysentery  are  pathogenic  for  cai^,  and,  when  fed  to  them 
or  when  introduced  into  the  rectum  of  the  animal,  cause  a  rapidly  pro- 
gressive, often  fatal  dysentery,  which  is  similar  in  all  respects  to  amoebic 
dysentery  in  man.  The  amoebsd  also  x>enetrate  into  the  mucosa  and  sub* 
mucosa  of  these  animals. 


Von  Leyden  and  Schaudinn  ("  Leydenia  gemmipara/'  SiUiber.  d.  K.  Akad.  d.  TTi^, 
Berlin,  1896)  found,  in  the  fluid  of  two  cases  of  ascites  occurring  in  malignant  disease  of 
the  abdomen,  an  amceba  which  consisted  of  colorless  gelatinous  cells,  which  put  out 
pseudopodia,  and  showed  a  hyaline  entoplasm  and  a  granular  ectoplasm.  They  were 
found  chiefly  lying  together  in  groups. 


Literature. 


V.  Bauxngarten:  Jahresbericht,  xvii.,  Leipzig,  1903. 

Behla:  Die  Amoben,  Berlin,  1898  (Lit.). 

OeUi  u.  Piocca:  Beitr.  z.  Amdbenforschung.     CbL  f.  Bakt.,  xvL,  1894. 


FliAQELU^TA.  691 

Coancdlnuui  and  Lftflear:  Ammbio  Dysenieiy.    Jolma   HopIdiiB   Hoep.    R«p.,  ii., 

Baltimore,  1891. 
Cr&mer:  Amabend^nterie.     Cbl.  f.  all^.  Path.,  vii.,  1896  (Lit.). 
Dock:  Amceba  coti  in  Dysentery.     Daniel's  Texas  Med.  Journ.,  1896. 
DoSein:  Die  Protozoen  als  FarssiUMi  und  Krankbeitserreger.     Jena,  1901  (Lit.). 
I>oria:  Protozoen  bei  der  Endometritis  ehron.  glandularis.     .\rch.  f.  Gyn.,  47  Bd.,  1894. 
Zlpstein:  Monocercomonas  hom.   u.   Amceba  coli  bei  Kinderdiarrhden.     Frag.   Died. 

Woch.,  1893. 
Feinbere:  Unterscheid.  v.  Amiiben  u.  Kfirperzellen.     Fortachr.  d.  Med.,  1899;   Roma. 

now^ische  Farbung.     Berl,  Win.  Woch..  l'903. 
Oilchriat;  Protozoan  Infection.     Johns  Hopkins  Hosp.  Rep.,  1896. 


Hai-ris:  AmtEbic  Dysentery.     Am.  Joum.  of  the  Med.  Sc,  1898. 

Janowaki:  Aetiol^ie  d.  Dysenteric.     Cbl,  t.  Bakt.,  xxi..  1897. 

Kai-tiilia:  Zur  Aetiologie  der  Leberabecesse.     Cbl.  f.  Bakt..  ii..  1887;   Pathosenese  der 

Dysenterienm6ben.     lb.,  ix.,  1891;   Pathogene  Protoioen.     Zeltschr.  t.  Hyg.,  xiii., 

1893. 
Ko-Tdca:  Beobacht.  ilb.  Amobendysenterie.     Zeitschr.  f.  Hyg.,  xiii.,  1892. 
Krus«  u.  Paaquale:  Untera.  Qb.  Dysenterie  u.  Leberabscess.     Zeitachr.  t.  Hyg.,  xvi,, 

1894. 
Iidach:  Maasenhafte  Entwickelung  von  Atnoben  im  Dickdarm.     Virch.  Arch.,  65  Bd., 

1875. 
Iftfwitr  Die  Leuk&mie  a!»  Protozoeninfection,  Wieabaden,  1900;    Specif.  F&rbung  d. 

HikmamOba  leuccemice  magna.     Beitr.  v.  Zi^ler,  xxviii.,  1900;    weitere  Beobach- 

tungen  iiber  die  Parasiten  der  Leuk&mie.     Zeitachr.  f.  Heilk.,  xxi.,  1900. 
Lutz:  Zur  Kenntniss  der  AmObenenteritis.     Cbl.  f.  Bakt.,  x.,  1891. 
Masaiutin:  Ueber  die  Amaben  ala  Parasiten  dea  Dickdarms.     Cbl.  f.  Bakt.,  vi.,  1889. 
Osier:  Ueber  die  bei  DyHenterie  vorhandene  Amsbe.     Cbl.  t.  Bakt.,  vii.,  1890. 
Pfeifier:  Die  Protozoen  als  Krankheitserreger,  Jena,  1895. 
PosneT:  Atnoben  im  Ham.     Berl.  klin.  Woch..  1S93. 
Qoincke:  Protozoenenteritis.     Berl.  klin.  Woch.,  1899. 
auinckfl  u.  B^mm:  Amftbenenteritis.     fieri,  klin.  Woch.,  1893. 
Sooa:   j^iir.  Kenntn.  d.  .\m5benenteritis.     Arch.  f.  exp.  Path.,  xxxiii.,  1S94. 
Sdmsidemtlhl:  Die  Protozoen  als  Krankheitserreger,  Leipzig,  1898. 
ScliTiberg:  Die  paraaitischen  AmQbcn  dea  menschl.  Darma.     Cbl.  f.  Bakt.,  xUI.,  1893 

(Lit.). 
Tajardo;  AmObenenteritia  und  Hepatitis.     Cbl.  f.  Bakt.,  xix.,  1896. 
Tenoslia:  Ent^ro-colite  parauiteoacoli.     Arch.  ital.  de  Biol.,  xiv.,  1890. 
Ttlrk :   Ueber  die  Hamamoben  LOwit's.     Verh.  d.  Congr.  t.  inn,  Med.,  Wiesbaden,  1900. 
\iraIkeT:  TTie  Parasitic  AmiEbee  of  the  Inteatinal  Tract  of  Man  and  Other  Anitnals. 

Jour,  of  Med.  Res.,  1908. 
Weneiier:  Unsere  gegenw.  Kenntn.  Qber  DyseDterie.     Cbl.  f.  allg.  Path.,  iii.,  1892. 

§  184.  A  lar^e  number  of  species  of  the  Flagellates  (sub-class  of  the 
JUaatiffophora)  occur  in  man,  mammals,  and  birds,  most  frequently  as 


rnmoiHU  inlaii. 


parasites  of  the  body-pa.ssages  accessible  from  without,  but  occurring 
also  in  the  blood. 

Cercomonas,  Bujardin,  a  small  flsi^llate  (Fig.  1^25)  with  a  flngellum 
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Oil  the  anterior  end  and  a  long-drawn-out  posterior  extremity,  -was  ob- 
M'rved  by  KtiiuicntHTg  and  Strung  in  gangrenous  foci  of  the  lung. 

Trichomonas,  Duvaine,  Bmnn  (Cercomona«  inte^indSia,  Lambl;  In' 
phnnwnnit  iHlmtiiinliii,  Lenckart ;  Monocercomonan  homiaui,  Grassi)  is  a  |it»r- 
Htia|H'd  ttagellate,  4-10  /*  long,  with  three  flagtib 
onllie  anterior  end  (Fig.  526). 

Trichomonas  homlnU  occurs  in  the  small  in- 
tpstine  of  niau,  and  hits  been  observed  particukiiy 
in  pathological  conditions  of  the  intestinal  trtc! 
(typhoid  fever,  cholera,  intestinal  catarrh,  camfr 
of  tlie  stomach).  It  appears  to  be  a  hannless  in- 
habitant of  alkaline  intestinal  oontentth 

Trichomonas  vaKinalis,  Doon^,  is  a  flagellatf 
very  similar  to  the  Trichomona*  komintt  (Fig.  527). 
and  is  often  fonnd  iu  the  human  vagina.     Awnni- 
iug  to  Miura,  Marchand,  and  Dock,  it  may  txtta 
A  B         in  the  human  urinary  bladder. 

Fm   yOL—LomMia  In-  LamNla      intestinalU    {3f«ya^oma    nttrrimm, 

iMtMiWtxiinrrCruiJaiid  flnL'^i :  iftyogloma  imtettinaUn,  Blauchard;  ''fnv- 
horn  vpntni  siirtarp-.  B.  mona»  mtfthinuts,  lAmbl ;  HrxamttH*  rfNorfmuK 
Mpw  tiom  itH-  Mt  Mr.  I>avaine)  is  a  turnip-shaped  animal,  baring  au  in- 
dentation on  the  ventral  surface  (Fig.  52S,  J.  Bi- 
ll is  ab«tut  10-16  .1  long,  and  is  fonnd  especially  in  the  upper  part  of 
the  small  i»te«itiue,  and  has  been  oboeried  in  man,  mic^,  doga,  oXk 
she^iv  and  nitibitiv  The  parasite  clings  tightly  to  the  epitheliom  of  the 
itit«itiite,  but  no  |ialhMKi^(.-al  changes  can  be  demom^rated  in  thenu- 
ilerlyhij;  tissue. 
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§  185.  Of  the  Flagellates  that  occur  as  blood-parasites  of  man  Uie 
form  kiiywa  aa  Spirochaete  obermelerl  (discovered  by  Obenueier  in 
1873)  has  been  kiiywn  for  some  time,  but  formerly  has  beeu  classed  with 
the  spiml  varieties  of  bacteria  (spirilla).  The  investigatious  of  ^bau- 
diim,  however,  make  it  appear  very  probable  that  the  spirocheetes  are  to 
be  added  to  the  protozoa. 


Sehawlinn'a  conclusions  are  not  universally  accepted.     Accordinc  to  Ntyvy,  Spl> 

..  ._ and  not  !■  .     .    .- 

lirochiEtes  will  be  returned  to  tbeir  former  place  amonR 


tlie  protozoa,  ant 


1  belongs  to  the  bacteria  and  not 

the  majority,  if  not  all,  of  the 

the  liactcrta.     Sp.  duUoni  and  Sp.  gallinarum  bavb  both  been  shown  to  be 


believe"  (hat    ' 


n-protoioal 


Tlie  5pirochKte  obermelerl  (Fig.  529)  is  found  constantly  in  the 
blood  of  patient«  suffering  from  relapsing  fever  during  the  attacks  of 
Ibe  fever,  and  the  multiplication  of  these  organisms  in  the  Ixnly  is  the 
cause  of  tbe  disease. 

The  spirochiete  is  16-^0  /'  long,  and  possesses  numerous  spiral  turnx. 
In  a  fresh  drop  of  blood  it  shows  verj'  active  motion.  Carter  and  Koch 
.succeeded  in  producing  the  disease  in  ai>es 
by  inoculation  with  the  spirochiete.  The 
subcutaneous  inoculation  into  apes  of  blood 
wntaiiiing  the  spirocha-te  is  followed  after 
sevenil  days  by  an  attack  of  fever,  and  the 
.spirochiete  is  found  in  the  blood  duricg  the 
febrile  stage.  The  life  history  of  the  Spiro- 
rhsete  obermeieri  is  not  known,  but  it  may 
be  similar  to  that  of  the  spiroehielcs  occur- 
ring in  the  blood  of  birds  as  studied  by 
^handinn  (see  below).  According  to  tbe 
autopsy-findings  observed  in  man,  the  splceu 
is  swollen  and  contains  numerous  yellow 
foci  of  degeneration,  and  often  also  anipmie  infarcts. 

According  to  investigations  by  Nikiforoff,  the  histological  esamination 
of  tbe  spleen  shows  extensive  ceil-uecrosis  and  cell-d^eueration  (Fig. 
130,  c),  as  well  as  deposits  of  iibrin  in  the  veins  of  tbe  pulp,  and  prolif- 
erative processes  in  tbe  pulp-cells.  Further,  numerous  large  pulp-cells 
(/)  enclose  red  and  white  blood-cells  or  the  remains  of  such.     Finally. 


/®  / 


Fio.  KB.— Spln«h(F(e  OhenTielerl 
rrom  tbe  bluod  or  kq  indlTldiul  111 
witli  T«l>pilDg  [ever.  Alter  m  dried 
prepanUOTi  stained  witli  metliTleiie 


iplenlo  (olllcle  wltb  parttal  necnuli,  In  relapiliig 

e  Bod  «ubllinat«.  melliFMDe-tilue.)    a.  Free  aplrlllB;  b, 

■- -•  — —    !,  nati]  niodi>nuelearpui|«ell»:/, 

0.  rree  red  Wood-.-elH.   X  iboiiteiia 


694  THE   ANIMAL    PARASITES. 

nnmerooi>  spirilla  are  foand,  especially  in  legiona  which  are  not;  whoHv 
necroHed  but  coDtain  d^enerated  and  necrotic  cells,  in  part  free  (a),  and 
in  part  enclosed  in  lencocytes  (h),  partly  well-preserved,  and  putir  be- 
ginning to  show  disintegration. 

According  to  Karlinski  and  Schandinn,  the  infection  is  probobir 
transmitteil  by  bed-bngs. 

Bpirochsetes  have  been  observed  also  in  birds,  owls  (Schaadinn ;,  geese 
(Sacharoff,  Gabritschewsky),  and  fowls  (Marchanx,  Salimbeni,  Levaditi)^ 
and  may  caose  epidemics  in  which  great  nnmbers  of  animals  perish. 

The  fife-htetory  of  the  Spiroclueties  dassed  with  the  bacteria  was  not  known 
until  recently.  Through  the  investigations  of  Laverun  and  SchatuHnn  it  was  for  the  fizsc 
time  determined  that  m  their  life-cycle  there  occurs  an  aitemaiion  of  ytneruHan  ami  «^ 
host.  Schaudinn  carried  out  his  studies  on  the  spirochstes  found  in  the  snali  owl 
(Athene  noctua),  which  he  named  Spiroekceta  ziemanm  (called  by  Laveran  the  Hawmmmha 
ziemanm).  As  a  result  of  his  investigations  he  believed  that  he  had  demonstrated  the 
transmission  of  this  spirochsete  from  the  owl  into  the  mosquito,  Culex  pipien*^  in  the 
intestine  of  which  it  passed  certain  stages  of  development,  as  described  in  the  foDawing 
paragraphs. 

Within  the  owl  there  develop  male  and  female  individuals,  the  micragametocrtfa 
and  the  macrogametes.  Copulation  takes  place  in  the  intestine  of  the  mosquito.  Fnn 
the  fertilized  macrogamete  there  develops  an  ookinete  which  produces  in  the  intestbe 
of  the  mosquito  an  enormous  number  of  trypanosome-like  offspring.  These  beeame 
transformed  into  true  spirochsetes,  spread  throughout  the  body  of  the  mosquito,  increaM? 
by  longitudinal  division,  and  wander  into  the  cesophagus,  whence,  in  the  act  of  bitine» 
they  again  pass  into  the  blood  of  the  owl.  After  an  asexual  period  of  multipficatioa  in 
the  form  of  spirochetes  they  again  form  gametes  or  sexual  individuals  in  the  blood  of 
the  owl.  As  the  result  of  their  distribution  throughout  the  body  of  the  mosquito  th? 
spirochsetes  may  pass  into  the  ovaries  of  the  latter  and  thereby  be  transmitted  to  tbr 
next  generation. 

The  fertilization  in  the  intestine  of  the  mosquito  follows  a  ripening  of  the  macro- 
gametes  (female  cells)  and  the  formation  of  microgametes  (spermatozoa)  from  the 
microgametocytes.  The  odkinete  resulting  from  the  fertilization  of  a  macrogamete  ^ 
a  worm-like  body  rolled  up  into  a  comphcated  skein.    Through  the  srouping  of  thp 

I>rotoplasmic  masses  around  the  individual  nuclei  there  are  formed  snuJl  trypanotsome- 
ike  individuals  having  a  characteristic  flagellum-apparatus.  Further,  there  may  be 
developed  both  male  and  female  individuiJs.  The  female  forms  are  larger  than  the 
indifferent  forms,  their  plasma  is  dark,  the  nucleus  and  blepharoplast  relatively  smalL 
and  the  margin  of  the  undulating  membrane  is  not  continued  to  form  a  ffageQum.  The 
males  are  very  small  and  scarcely  recognizable. 

Through  continued  division  the  indifferent  spirochetes  in  the  intestine  of  tiv 
mosauito  suso  become  very  small,  so  that  single  individuals  can  barely  be  made  out . 

Within  the  blood  of  the  owl  the  spirochetes  become  parasites  of  the  hiempgiobti>> 
containing  erythroblasts,  in  that  they  attach  themselves  to  these  by  their  posterior 
extremities.  This  is  seen  particularly  m  the  bone-marrow  and  also  in  the  spleen.  After 
a  certain  time  they  form  in  the  blood  macrogametes  and  microgametes,  which,  on  jEainit:^ 
entrance  into  the  mosquito,  again  form  new  generations  in  tt^  manner  described.  The 
macrogametes  can  also  produce  new  generations  in  the  blood  without  fertilization  (par* 
then^enesis)  and  thereby  cause  relapses. 

The  above-given  life-cycle  of  the  spirochetes  according  to  Schaudinn  falls  to  the 
ground  in  the  light  of  Novy*s  studies.  The  latter  has  shown  that  the  Syirochfste  ziemanni 
18  not  a  spirochete,  but  a  trypanosome,  and  has  no  connection  witn  the  intracellular 
parasites  of  the  owl's  blood.  Further,  Novy  regards  Sp.  obermeieri  as  belonging  to  the 
Dacteria,  basing  his  view  upon  his  inability  to  demonstrate  in  the  organism  a  nucleus, 
blepharoplast,  tmdulating  membrane,  or  flageUiun  of  the  protozoan  type.  On  the  otbE^r 
hand  the  spirilla  of  relapsing  fever  possess  whips  having  all  the  characteristics  of  thoBe 
of  bacteria,  divide  transversely,  multiply  rapidly,  resist  changes  in  osmotic  tensioD. 
show  a  greater  resistance  to  heat  than  do  the  trypanosomes,  excit«  the  production  of 
immune  and  germicidal  bodies,  and  do  not  exhibit  the  a^rotropism  shown  by  trypan- 
osomes. 

In  relapsing  fever  we  have  most  probably  to  deal  vnih  a  group  of  closely  rdaied  argaih- 
isms  {Novy),  which,  while  they  may  in  one  sense  be  regardea  as  distinct  species,  are 
derived  from  one  stem.  Five  distinct  strains  of  spirilla  causing  relapsing  t^ver  ha\T 
been  discovered :  Spir.  obermeieri,  Spir.  noryi,  Spir.  Koehi,  Spir.  duttoni,  and  Spir.  carteri. 
These  differ  from  each  other  in  the  duration  and  severity  of  the  initial  attack,  the  fre- 
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luency  and  intensity  of  relapses,  and  in  the  mortality  following  an  injection  of  a  uniform 
iose  of  0.25  c.c.  of  spirillar  Blood.  The  relapse  is  probably  due  to  the  survival  of  a  few 
individuals  that  are  more  or  less  immune,  so  that  a  senmi-fast  strain  develops.  This  in 
turn  calls  out  a  new  antibody.  If  this  is  less  active  or  more  imstable,  or  more  readily 
eliminated,  the  relapses  will  continue. 

If  Schaitdinn's  views  on  the  protozoan  nature  of  the  organism  found  in  syphilis 
{Spir.  pallida,  Treponema  pallidum)  are  correct,  that  organism  should  then  be  classed 
here  with  the  protozoa.  At  the  present  time  this  question  cannot  be  regarded  as  settled, 
but  it  is  most  probable  that  the  organism  is  of  bacterial  nature  and  should  be  classed, 
along  with  the  spirochetes  of  relapsmg  fever,  with  the  spiral  forms  of  bacteria  {apiriUa), 
(See  Syphilis.) 
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§  186.  The  genus  Trypanosoma  forms  a  second  class  of  blood-para- 
sites belonging  to  the  Flagellata,  found  in  man,  mammals,  and  birds, 
and  also  in  cold-blooded  animals.  Most  authors  place  all  the  parasites 
of  this  class  in  the  genus  trypanosoma  and  distinguish  different  species. 
Dofleiu  divides  them  according  to  the  character  of  the  flagella  into  three 
sub-genera:  Trypanosoma^  Trypanomonas,  and  Ilerpetosomu,  Von  Wasie- 
lewski  classes  only  the  blood-parasites  of  the  frogs  and  fish  with  the  try- 
panosomes,  and  would  apply  the  name  Herpetonionas,  given  by  Kent, 
to  the  trypanosomes  found  in  mammals. 

Trypanosoma  lewisi,  Kent  (Herpetomomis,  Trypan<ymo7ia8,  Tnckomo- 
nojs,  HasmaUymonas)  is  a  very  common  parasite  of  rats.  It  is  8-30  /*  long 
and  3-8  ti  broad  (Fig.  531),  consists  of  a  nucleated  granular  entoplasm 
and  a  delicate  hyaline  ectoplasm  or  periplastem,  the  latter  forming  an 
imdulatiug  membrane  (Fig.  532,  c)  and  a  flagellum  {d)  which  arises  in 
•  the  beak-like  posterior  end  from  a  rod-like  body  and  extends  anteriorly 
along  the  edge  of  the  undulating  membrane. 

The  rod-shaped  body  (b)  is  designated  micronucleus  (Bradford  and 
Plimmer),  or  nucleolus  (Eabinowitsch  and  Kempner),  or  centrosome 
(Laveran  and  Mesnil),  or  blepharoplast  (Von  Wasielewski,  Senn,  Schau- 
dinn).  It  has  the  significance  of  a  nucleus  and  arises  from  the  chief 
Bnclens  (Schaudinn). 
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after  the  formation  of  several  nuclei  and  flagellum-roots  (E,  F),  so  tliat 
the  resulting  dividing  flagellates  remain  for  some  time  united  into  colo- 
nies. The  natural  infection  of  rats  occurs  probably  through  the  medium 
of  fleas  and  lice. 

Trypanosoma  brucei,  Plimmer  and  Bradford,  is  very  similar  to  Tr. 
letcisi,  only  the  body  is  somewhat  broader  and  the  posterior  end  somewhat 
blunter.  It  is  the  cause  of  Nagana  or  the  tsetse-fly  disease  of  cattle, 
horses,  antelopes,  buffalo,  donkeys,  dogs,  sheep,  and  goats  occurring  in 
Southern  and  Southeastern  Africa,  which  is  transmitted  through  the 
t^eUe-fly  (Glomiui  mormtans).  The  number  of  parasites  in  the  blood  may 
be  very  great ;  the  infected  animals  suffer  from  fever  and  become  ansemic ; 
(jedema  develops  in  different  parts  of  their  bodies;  further,  there  is  also 
a  conjunctivitis  and  the  spleen  is  greatly  swollen.  The  period  of  incu- 
bation is  not  more  than  nine  days.  The  infected  animals  die  after  one 
and  one-half  to  eight  months. 

It  is  also  probable  that  the  disease  known  as  5urra,  occurring  endemi- 
eally  in  horses,  mules,  camels,  buffalo,  cattle,  and  elephants  in  Dutch 
India,  Indochina,  and  the  Philippines,  and  which  is  transmitted  by  gad- 
flies, is  due  to  this  trypanosome.  It  is  likewise  regarded  as  the  cause  of 
the  trypanosome  disease  of  horses  and  donkeys  known  as  the  coitus-dis- 
ease or  dourine  occurring  in  Algiers,  Southern  France,  Sumatra,  Novarra, 
and  the  Pyrenees,  and  which  is  spread  by  coitus,  and  is  inoculable  into 
rabbits,  rats,  and  dogs.  Many  authors  regard  the  parasites  found  in 
these  diseases  as  representing  different  species,  giving  to  the  first  the 
name  of  Trypanosoma  evaim  and  to  the  latter  that  of  Tr.  equiperdum.  A 
variety  of  trypanosome  found  in  Central  South  America  and  which  causes 
the  disease  of  horses  known  as  mal  de  caderas  is  designated  Tr,  equinum. 
It  is  assumed  that  Stonioxys  calcitrans  acts  as  the  agent  of  transmission  of 
the  parasite. 

A  variety  of  trypanosome  known  as  Tr.  theUeri  is  found  in  cattle  in 
South  Africa  and  is  inoculable  only  into  this  animal. 

The  occurrence  of  trypanosomes  in  man  was  first  observed  by  Nep- 
ven  (1898).  The  investigations  of  recent  years  (Dutton,  Todd,  Boyce, 
Boss,  Sherrington,  Bruce,  CasteUani,  Manson,  Daniels,  Laveran,  etc.) 
have  shown  that  trypanosome  diseases  occur  also  in  man.  The  sleeping- 
sickness  of  the  negro  is  now  known  to  be  due  to  a  trypanosome  infection. 
Castellaui  found  the  parasite  in  the  cerebrospinal  fluid  of  cases  of  sleep- 
ing-sickness, and  his  findings  have  since  been  confirmed  by  different 
observers.  The  disease  occurs  throughout  tropical  West  Africa,  and  in 
i-ecent  years  has  spread  throughout  Central  and  Eastern  Africa.  Ifegroes 
are  chiefly  affected,  but  cases  have  also  been  observed  in  Europeans. 
The  infection  is  transmitted  by  a  biting-fly  (  Glossina  palpalia).  The  para- 
sites develop  first  in  the  blood,  and  during  this  period  symptoms  may  be 
entirely  wanting,  or  there  may  be  attacks  of  fever.  When  the  parasites 
gain  access  to  the  cerebrospinal  fluid  and  there  increase,  cerebral  symp- 
toms, particularly  coma,  are  produced  as  the  result  of  a  meningitis. 
The  disease  runs  a  chronic  course  and  is  invariably  fatal. 

Trypanosomes  are  found  also  in  the  disease  known  as  Qamba-fever 
which  occurs  in  Senegambia  and  the  Congo,  both  in  the  natives  and 
Europeans.  According  to  Laveran,  it  is  due  to  the  same  species  of  try* 
panosomes  observed  by  CasteUani  in  Uganda.  Further,  trypanosomes 
are  believed  to  be  the  cause  of  the  chronic  disease  known  as  tropical 
splenomegaly,  which  occurs  in  India,  China,  Arabia,  Egypt,  and  Tunis, 
and  is  characterized  by  intermittent  or  remittent  attskcks  of  fever  assocl- 
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Hie  Dursjutp  Toist,  'herrtbre.  •»  <*aiie4i  he  rn/panoaomu  noehum,  Whetber  «Jiifcf 
memtiers  oi  tie  jenus  iiaitenriiuiiiur  flsmoprotptis  .ut»  ^o  lie  «'iaaiaed  with  the^nrTiaffii- 
somps  -praauuj  ^  -i^  ^ttied.  .iccorrtmc  'o  Xon/  Jour,  of  IrtfecL  Dis^  lUli5<  tiie 
.>h8prr'in»)n*i  iH  .^rftauamn  are  open  'o  .in  •*niirrtv  'titferent  interpretaiiaxL  He  beiie^^^ 
"hat  tie  Fy^tvammoma  noctum  .uui  rtie  <T'trnctittta  nemaimt  oi  Srhaudinn  prniAoiT 
ipprej^fjt  "rrpanuHoiiieH  'hat  !ia\'e  inuitiuiuMi  n.  'he  moequito  i\nd  are  not  to  be  fset- 
-iuiBTPii  LS  ^tajEe*  n  'he  Je^iusiory  <»l  -'Vtozoa.  Accoprlinjr  to  Xort/'s  mvrstionaBS 
'rvpjuii>i*ome  tiieetion  <>i  'urcLs  is  "verr  wriespremi.  ^Vith  the  crrpainJsonMSS  *^berp  mar 
•je  i8f*oeiate<i  .uiRtcelliuar  nazaaites.  'nit  :io  «*ODStaacv  •.•an  '»  ^uown  to  Hxisr  be^^TF*^ 
a  jv'pn  'rrpaoosome  .imi  i  ^rven  ."TTozoon.  flie  .ifi*-**rcie  ot  the  ^rypanaKmie  lau 
iaiten<iia  ^icromin^  'o  Sr^aruiinn^  .la  tavpn  n  'he  'oiluwuijr  paragraphs,  cammt.  'bes^ 
:ore.    >e  .icopv^^i   viThout    luefttiun  n  'he  ^iuht  'ri  .Vi>r»/'.<  work. 

rf  'he  rnaie  :mii  female  'iaitentiia-MzusP»*  t*nter  with  'he  niood  of  ifae  «jwl  into  'he 
intesftine  of  rhe  nxucMiuito.  '  he  tir^t  lormx}  rhe  inicroeiuiietocytes  and  Emcrof^ameies.  <fs.tSi. 
)f  wtiicti  penetratPi*  -nto  one  *>t  rhe  [iiisjzient-^'ontamiD];  macroiquzKtesw  .ks  tiv  tbil' 
of  this  Temlizatioa  :he  latter  twcome  i.*hani;r<i  arc  •M>kiiietefi.  Throui^  a  campiicad^: 
metamorp hosts  prooeeciuu^  from  ^he  aucieiis  the  ookinete  ('an  ^leeome  rnuudbrmei  m^  > 
an  'mJifFprpfit  * rvpanoeome.  Tlie  karrsome  paasinic  out  from,  -he  nucieua.  .11111  TQicfi 
i*as  T^je  -uEniticance  of  i  riucle»ia.  moves  ro  rhe  rtjciit  lateral  Ijorder  of  ^he  tiukioece  im: 
forms  hepp  'he  ' ite? )iiaropiaifr  <n  'he  rrrpaiiof«ome.  that  is,  ^he  "itnicture  wfaicii  iunn* 
rhe  tmiltJJariniir  rDenit)rane  and  rhe  da^eeila.  Fhe  trypanufiome  'hu5  formed  can  iiusvaif 
hy  lomafiuiimii  •  ii\ision. 

riie  'Mikinetc^  cran  tbo  'orm  'emale  rrvpanoHomes  which  .ire  plmnper  '*«*^  show  1 
more  »narkefi  .n'anuLiCion  'hau  'he  iion—ipxuai  •bmw.  The  female  rrrpanoaomes  t^t*^ 
.-lent  ')prraanent  'ormn.  anil  «^n  nrcMiuce  new  j:!eiieratiotnj  in  the  rR06C{iiito  thmuEh  ^d> 
t henoffpnp**w.  FinailT.  'lie  'Ookinete  can  aLao  ix?  tnursformetl  mto  a  male  rrypMiutciEf 
which  ,•<  -mailer  ami  r'learer  '^han  the  female.  TlirouKh  liererotopous  mitinis  theip  nu^ 
Ijp  fonnf»ti  .n  'K»f  h  f  lie  femaie  .mil  male  rrvpanowime  .1  -^mail  nucleus  near  rhe  iary  •'"r. 
and  rhia  rnay  ncrpX'^p  »mtil  as  manr  as  ^i^ht  .ire  forme* I.  Wlule  in  the  female  'a<^ 
are  <ieHtroypfl  imi  oniv  "^he  ••hief  nucle«u  i.i  preeservetl.  t^ach  of  rhe  <»i^fc  audei  lievpiiip* 
in  rhe  male  ;uio  a  riieptiamplast  trom  wiuch  a  minute  male  ^rypanosome  :insw. 

Tlie  'levplopmeni  tif  the  microipunetes  in  the  Uloud  of  the  'jwl  takesi  piacR  in  'if 
same  manner  iia  i  lie  formation  of  t  he  male  <^r\'7)anosome.s  in  ^  he  intecftine  of  t  be  moHi'uri . 
and  rhev  liavp  ^lie  -lame  stnicture  as  the  latter.  TJie  indiiferent  t  rypanosiam*  pte*a«: 
from  file  moflciiuto  :nto  ^he  blood  of  i  he  owl  :irp  luually  ^T^y  ^^malL  "  They  fasten  'Saf^" 
sehrps  tiv  their  tiaeellated  :mterior  end  to  rhe  rptl  blood-con^uscle^;  the'  daceilnm  i> 
panitus  r,hen  •leseneratps  :xnd  he  fiaras^itc  takes  on  tlm  app»*arance  of  a  :«ckle-*bar»*- 
I  lean- or  worm-<liap»-d  lialtentiium*  Wiien  it  lias  about  >loubleti  its  -sixe.  it  leavp-  • 
host  ;ind  .uEain  dex-elops  a  thuQeilum-apparatus.  liecominjc  cliaua!P«l  aeain  into  1  tirnaiR'' 
fvmuR,  Tills  is  rppeatp«i  -e^-prai  rimes  imiil  a  certain  -jize  is  attained;  there  riKn  fi  dew? 
a  multiplication  rhroiurh  iondtudinai  di'vnsiun.  the  products  of  the  •ii\'isujn  *^^  aeitrnf 
red  bloorl-*»ells. 

Tlie  fully  formefi  female  Trypanosome^,  the  macroKametes  in  the  -jwl'*  blocuL  i^ 
shaped  like  little  worms:  rhey  penetrate  the  mi  bloml-cells  and  depm-e  rfaBm.it  -.atir 
hzmoi^obin.  They  represumt  pfTmaTunU  fomu  :ind  after  a  lomiL  iniervai  csm  ^mims 
neto  'jrnemtiojtM^  hy  means  »/  ^rthenogemtsis.  Tl»  male  microipuiietucy  t  e*  xnm  ax  *-* 
lilood  fnun  indiiferent  forms  and  produce  ei^t  microiQunete»  :to^  in  the  inre^tine  Jf  '^ 
mosqmto.  The  npeninjc  of  rfae  maeroi^Bmetes  and  their  fertUiantxan  hv  mictogamr^^ 
take  place  in  the  intestinal  tract  <jf  the  mosquito. 

It  luM  not  been  pasitiiidy  deodefl  at  the  present  whether  ^mammtrjffm^mait^ 
»  due  to  more  than  one  variety  o£  trypanoaome.    The  diffefe&b  Mi»,.^l  fssnai  if  ^ 
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1  ffections  makes  this  probable.  In  the  forms  known  as  tropical  splenomegaly  or  cachectic 
fever  and  kdlti-azdr  there  are  found  (Leishman,  Marchand)  in  the  spleen,  liver,  bone- 
paarrow,  lymph-nodes,  and  also  in  intestinal  ulcers  great  numbers  of  small  bodies,  partly 
"ree  and  partly  intracellular,  consisting  of  an  intensely  staining  ring-shaped  chromatin 
3ody  surrounded  by  a  circular  or  oval,  clear  area  staining  lightly  with  eosin.  Besides 
:,lie^  chromatin-body  there  is  often  found  also  (Marchandy  L,edingham)  a  small,  intensely 
staining  round  or  elongated  granule,  which  is  often  connected  with  the  chromatin-ring 
3y  a  delicate  stalk.  These  bodies  ("  Leishmann Donovan  bodies  ")  were  first  found  by 
Leishman  and  Donovan  in  smears  made  from  the  spleen,  and  were  later  studied  by 
Marchandy  Ledinghamy  Manson  and  Low,  Benilcyy  Rogers,  and  others,  and  were  given 
iififerent  interpretations,  the  general  opinion  being  that  they  represented  degeneration 
forms  of  trypanosomes.  Rogers  has  succeeded  in  growing  them  outside  of  the  body 
ind  in  demonstrating  their  transformation  into  elongated  flagellated  organisms  resem- 
bling trypanosomes.  On  account  of  the  absence  of  an  undulating  membrane  Rogers 
:>elicves  the  organism  to  be  a  herpetomonas.  Ross  regards  it  as  a  new  genus  and  nas 
:;alled  it  Leishmani  donovani.  Nothing  is  yet  absolutel]^  determined  concerning  the 
transmission  of  this  fatal  infection.  Rogers  believes  that  it  is  transmitted  by  bed-bugs 
DT  moscjuitoes.  Very  recently  NicoUe  (Arch,  de  I' Inst.  Pasteur,  Tunis;  1908)  has  suo- 
jectled  m  cultivating  the  Irishman-Donovan  bodies  from  cases  of  infantile  splenomegaly 
in  Tunis.  He  regards  the  protozodn  obtained  as  a  new  species,  Leishmania  infantum. 
The  protozoa  found  in  a  case  of  tropical  sore  by  Wright  (Jour,  of  Med.  Res.,  1903)  and 
called  by  him  Helcosoma  tropicum,  are  regarded  as  Leishman-Donovan  bodies,  and 
Jesignated  by  Nicollc  as  Leishmania  wrighti.  They  are  to  be  regarded  as  the  infective 
Agent  of  "Delhi  boil." 

According  to  the  majority  of  writers  trypanosome  or  Gambian  fever  is  but  the  early 
f;tage  of  sleeping-sickness,  both  conditions  bemg  due  to  infection  with  the  same  parasite, 
the  Trypanosoma  gambiense.  The  first  stage  is  of  a  variable  duration,  lasting  from 
three  months  to  three  years  or  longer.  During  this  stage  there  is  a  polyadenitis  and  the 
trypanosomes  may  be  demonstrated  in  the  blood  and  lymph-nodes.  As  a  diagnostic 
method  the  exammation  of  a  drop  of  fluid  removed  from  an  enlareed  cervical  gland  by 
means  of  a  hypodermic  needle  is  advised,  since  the  parasites  can  be  found  in  this  way 
Lmniediately  it  they  are  present  in  the  body. 

According  to  the  views  of  many  authors  it  is  probable  that  yellow  fever  is  a 
protozoan  disease,  although  the  parasite  has  not  yet  been  demonstrated.  Schaudinn 
showed  that  trypanosomes  in  certain  stages  formed  such  small  individuals  that  they 
could  not  be  reco^ized  singly  under  the  microscope.  He  would  seek,  therefore,  the 
yellow-fever  parasite  among  the  flagellates.  Yellow  fever  is  endemic  in  the  Antilles, 
Southern  States  of  North  America,  Brazil,  east  coast  of  South  America,  and  in  many 
parts  of  West  Africa.  As  the  result  of  the  work  of  a  United  States  Coomiission  consist- 
ing of  Reedj  Carroll,  Agramonte,  and  Lazear,  it  was  determined  in  1900  that  yellow  fever 
is  transmitted  only  through  the  bite  of  a  mosquito  (Stegomyiafasciaia).  Subcutaneous 
inoculation  of  the  blood-serum  of  a  case  of  yellow-fever  into  a  non-immune  during  the 
first  three  days  of  the  disease  will  transmit  the  infection.  The  mosquito,  therefore, 
to  become  infected  must  suck  the  blood  of  a  patient  during  this  time.  The  bite  of  the 
mosquito  does  not  become  dangerous  until  twelve  days  after  taking  up  infected  blood, 
so  that  it  is  apparent  that  the  parasite  must  undergo  a  further  development  within 
the  bo<ly  of  the  mosquito.  The  latter  is  able  to  infect  after  this  period  as  long  as  it  lives. 
Xovy  believes  that  the  cause  of  yellow  fever  will  be  found  to  be  a  spirillum. 

The  first  successful  cultivation  of  a  pathogenic  protozo6n  and  the  demonstration 
of  its  relation  to  the  disease  by  the  injection  of  pure  cultures  were  attained  by  Novy 
and  McNeal  in  the  case  of  Trypanosoma  lewisi  and  later  of  Tr.  brucei. 
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r  von  HauBtiercD.     Centralbl.   f.   die   med.  ^^'iE<8enBchaft., 

g  187.  Of  the  Sporozoa  occurring  as  panwites  in  man  and  in  the 
niammals,  the  coccidia  are  to  be  mentioned  first.  In  their  young  state 
they  exiBt  as  iioD-encapeulated  inhabitants  of  epithelial  cells,  particularly 
in  those  of  the  intestiual  caual  and  its  aduexa,  the  liver  especially,  aucL 


Fiu.  S33.— SeclhHi  Uinnijih  Ibe  wall  o[  a  dilated  Ulfriluct,  flllKl  wll 
prollfermtlODt.  Pnim  B  rabbit's  liver  Ibsl  wu  andded  wllb  cwxldla  n 
whId).   a,  comiecilv*!  ttnnie:  b,  broncbliig  papHUrr  prolUermUona  c< 

more  rarely  in  those  of  the  organs  of  excretion.  Some  of  the  mature 
forms  surround  themselves  with  a  capsule  and  become  changed  into 
round  or  ovikl  permanaU  cysta  or  oocjrsto  (Schaudinn),  which  leave  their 
resting-place  and  usually  also  their  host,  and  under  certain  conditions 
form  sickle-shaped  aporozoUeg  through  the  repeated  division  of  their 
cell  body  {sporogoay).  Throngh  the  taking-up  of  sporozoite -containing 
oocysts  into  a  new  host  there  is  produced  an  infection  of  the  latter,  in 
that  the  sporozoites  are  set  free  and  seek  out  epithelial  cells  for  their 
farther  development. 

Besides  this  form  of  multiplication  there  occurs  within  the  infected 
organ  also  a  reproduction  by  schizogony — that  is,  there  are  developed 
from  mature  but  non-encysted  individuals,  by  means  of  segmentation, 
a  large  number  of  new  sickle-shaped  individ- 
uals, the  so-called  vierozoitcs,  which  seek  out 
epithelial  cells,  and  develop  further  in  the 


•  « 
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Coccldlum  ovlforme  (Fig.  534)  is  a  para- 
site of  the  intestine  and  biliary  passages, 
occurring  especially  in  rabbits.  Kiinstler 
and  Pitres  found  similar  coccidia  in  man  in 
a  pleuritic  exudate.  Podwyssozki  claims  to 
Fu>.s34.-cocridia(minthabiii«rT  have  observed  them  in  the  human  liver. 
s£,w£5['^tt™t'«'4^"f"lwoil  ^  t^«  ^i^®^  "f  rabbits  the  invasion  of 

'™5'^''.'.'*t'*_^^!?'_5^^^_^"?'i     coccidia  leads  to  the   formation    of  white 
nodules  which  may  reach  the  size  of  a  hnzel 
nut,  and  are  designated  as  coccidia-nodules. 
These  nodules  contain  a  soft,  white,  or  yel- 
»PMttonratUK«ip«uie.   x'wS  "   '      lowish-white  mass,  and  consist  essentially  of 
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dilated  bile -passages,  the  iuoer  surface  of  which  is  more  or  leea  richly 
furuished  with  papillaty  growths  (Fig.  533),  and  whose  Itimen  coDtaios 
great  Dnmbert)  of  coccidia. 

Thecoccidiaoccuriuthebile-pasaages  partly  in  the  form  of  non-encap- 
sulated protoplasmic  structures,  and  partly  in  the  form  of  encapsal^td 
bodies.  Thesmallest  coccidia,  which  are  r^irded  as  the  younger  forms, 
exhibit  a  coarsely  granular  protoplasmic  structi'Te  (Fig.  jj*.,  o,  ti. 
within  which  a  nucleas  (a)  may  occasionally  be  demonstrated.  Tbc 
larger  forms  exhibit  on  their  outer  surfiw:es  r^ularly  arranged  granule 
(c,  d),  which  stain  intensely  with  luematoxylin.  The  encapsnlaled  forms 
occur  as  oval,  doubly  contoured,  clear  bodies  (_f,f,  g,  A)  within  wbicli 
lies  a  variously  shaped  massexhibiting  also  variousforms  of  granulation, 
but  never  entirely  tilling  up  the  space  within  the  cajisulc. 

To  the  coccidia  belong  probably  also  thoi^e  parasites  which  occur  in 
the  epidermis  ot  man  and  form  there  peculiar  growths  known  as  epithe- 
lioma contaglosum  (Fig.  535).  In  its  fully  developed  condition  \\\v. 
growth  consists  of  a  small  nodule,  about  the  size  of  a  pea  or  larger, 
which  is  elevated  above  the  surface  of  the  skin,  shows  a  small  groove  in 
its  ceutre,  and  possesses  a  waxy  lustre. 

On  section  there  may  be  seen  a  lobulated  epithelial  growth  (Fig.  535, 
d),  with  a  central  cavity  opening  externally  (9),  thus  formiug  a  groTth 
resembling  a  gland ;  and  it  has  been  many  times  mistaken  for  a  hyper- 
trophic sebaceous  gland.  It  therefore  represents  an  independent  nev- 
formatiou  of  epithelium  due  to  a  parasite.  The  parasites  develop  inside 
of  the  epithelial  cells  of  the  lobulated  growth  (e),  but  are  pressed  by  the 
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growth  of  the  adjacent  epithelium  toward  the  central  cavity  of  the  w- 
formation  (/),  and  lie  there  in  a  meshwork  of  desquamated  and  horny 
epithelial  cells. 

The  earliest  stages  of  development  of  the  parasites  occur  in  the  epi- 
thelial cells  as  small  protoplasmic  bodies  (Fip.  53C.  a,  b),  which  caii  h" 
distinguished  from  the  eel  I -protoplasm  only  with  difficulty;  ocrasionallj" 
they  contain  in  their  interior  small,  distinct  granules,  and  are  tlien'fon' 
more  evident.  later  they  increase  in  size,  and  finally  fill  up  completely 
the  epithelial  cell  (c,  d,  e),  pressing  the  nncleus  to  ou©  side.  At  Ibe 
same  time  the  granules  within  the  cell  (c)  increase,  and  grow  to  larper 
bodies,  so  that  the  parasite  finally  becomes  divided  into  a  greater  or  It** 
numlier  of  well-defiued  structures  (./,  /■,  /)  lying  in  a  finely  [rniuulm 
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oetwork.  The  nucleus  of  tbe 
epithelial  cell  is  destroyed  during 
this  time. 

The  epithelial  cells  which  eu- 
close  paradit«s  develop  early  a 
distinct  membrane,  which  be- 
comes more  and  more  clearly 
defiued,  and  surrounds  the  para- 
site. The  parasites  which  are 
expelled  from  the  cells  form 
oval  bodies  which  appear  en- 
closed ill  a  capsule  and  present  a 
homogeneous  appearance.  They 
stain  deeply  with  hematoxylin. 
The  contagious  epithelioniata 
may  appear  in  great  numbers  in 
bub^Qdeitivredin/.   xaboiitsuu.  One  and   the   same   individual, 

and  several  persons  living  to- 
gether may  he  either  simultaneously  or  successively  attjicked.  Tbe 
spread  of  the  disease  is  therefore  referred  to  a  contagion. 

By  many  writers  the  niolluscum  bodies  are  not  l>elieved  to  be  parasites,  but  are 
regarded  as  nyaljnc  or  horny  prodnctB  ot  cell-degeneration. 

Our  knowledge  of  tlie  significance  of  the  so-called  Miescher'a  sacs 
is  still  incomplete.  They  are  tube-shaped  strnctures  which  are  not 
Infrequently  fouud  in  the  muscles  of  the  hog  (Fig.  S37,  a,  b),  cattle, 
sheep  (especially  in  the  cesophagus),  and  mice.  They  vary  in  size,  and 
lie  within  tbe  muscle-fibres.  In  mature  parasites  the  contents  of  the 
tubes  are  differentiated  into  single  segments  defined  by  a  membrane 
(Fig.  537),  which  enclose  spherical  (<r),  kidney -shaped,  or  sickle-shaped 
bodies.  The  parasite  is  classed  with  the  Sarcosporldla.  The  separate 
segments  are  designated  gporocyaU  or  sporoblasts,  since  within  these  the 
round  or  sickle-shaped  gporea  (^Saitt^'s  bodies)  arise.     From  the  latter, 


a.  from  ■wlne.muiirle.   a.  h.  Miwle  cut  lonirltudlDilly  utd  ImurenalT. 


new  Miescher's  sacs  may  develop  under  favorable  conditions  (PfeifTor). 
Ingestion  of  meat  containing  sarcosporidia  is  not  ilangeroiiH  for  niiii),  bill 
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narcocyste  have  been  observed  in  man  in  tbe  mnscles,  beart,  iDteediie, 
uod  liver  (Lindeuiauii,  Kocb,  Kartnlis,  liosenberg,  and  others). 

As  early  aa  1 STO  K inter  published  observations  of  the  development  of  oocddia,  but 
their  iife-history  has  been  accuraWrly  determined  only  iu  recent  year^,  through  tie  m- 
vesti);atians  of  R.  P/eiffer,  Simond,  Ltger,  Sehaadinn,  Schvberg,  Stedleeki,  Schneider,  m 
Wanelewski,  Labbi,  and  others. 

The  reimNluctiaii  of  coccIdUoccura  {L&he)  partly  through  ijmrogons,  putli 
through  schizogony.  The  first  method  serves  for  the  spreading  of  infection  and  Ik 
preservation  of  t)>e  species,  the  second  increases  the  extent  of  tbe  infection  within  Ih 
infected  host.  Sporogony  i*  elotely  eonneeUd  vrith  a  previously  occurring  copuiaHf 
which  in  its  course  suggests  tbe  fertihzation  of  the  egg  of  the  metasoa.  An  oftennAM 
0/ getteraliont  also  takes  place. 


0.— Crcle  o[  develoiimeal  ol  Coecidluni  Sthtibervi'    I  — 

■TOEalle)  penetntUnff  tnlo  Ml  epIUNIlBt  rdl;  t.  mDaoDucln. . , — 

■chlioQt ;  (,  dlTlnon  of  tbe  nhliont  (KblmitODy)  into  numerous  meTDmttea :  . 
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^n  jtnnulei;  So,  mlcrogainetocjte  (mile  cell)  aiWDKlroiii  ■meroialte:  to.  mtcmgitiiitneW'' 

rounded  br  looBeoed  mkraguiieM  (■permaloBaa) ;  7,  lertlUiMkiii  at  the  mserasBineles  \tj  mkninnxiB 
s.  TouaK  ofleyits :  0.  oOcysti  wllb  sporoUuls :  10,  otcjtta  wiib  tponxjtU,  eaota  oooUiDliig  ibd  V> 
zolus ;  II.  qxHozolle. 


The  development  and  reproduclion  take  place  in  the  following  manner:  In  tchii- 
oeony  the  sickle-sbaped  germ  (Fi^.  5^18,  J)  arising  as  a  KporozotU  or  meroaaiU  de'clops 
within  an  epitlielial  cell  into  a  schuont  {S)  in  which  there  soon  takes  place  a  mulliplin^ 
tion  of  the  nucleus  {S).  There  then  results  (on  the  second  [lay  after  the  over-fctding  «' 
sporocyats)  a  formation  of  merozoites  Q)  corresponding  in  number  to  the  nuclei,  stA  * 
residual  body  which  Is  left  t>ebiDd  after  the  segmpnlation. 

The  merozoites  again  seek  epithelial  cells,  and  the  same  development  begins  uk* 
If  the  affccltd  organ,  as  the  result  of  lliesc  processes,  becomes  overcrowded  with  f«r» 
sil«s,  there  are  then  formed  seiual  individuals  [Sdiaudinn).  Some  of  the  meroiolM 
grow  into  large  cells,  the  maerogamcles  (5,  6)  or  female  cells,  wiiicb  \Yhen  mature  dito* 
off  a  portion  of  their  chromatin -substance  (G),  and  eitiier  remain  naked  or  siirrouDd 
themselves  with  a  c«p9ule,  which  is  provided  with  a  raicropyle.  At  the  raowllB' 
other  meroKoitea  develop  into  the  male  sexual  cells  or  micragntnetncyle*  (Sn,  Col  ll' 
nuclei  of  which  divide  into  many  daughter -nuclei.  The  latter  approach  llie  snrfiM  <^ 
tbe  cell,  and.  surrounded  by  a  certain  amount  of  protoplasm,  are  consbiclt^  "S,  i^' 
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au(l  then  Tepresent  the  microffamefes  (corresponding  to  the  spermatozoa  of  the  higner 
animals).  The  copulation  of  the  microgametes  with  the  macrogametes  takes  place  in  a 
manner  similar  to  that  of  the  fertilization  of  the  metazoan  egg,  in  that  the  microgamete 
penetrates  the  encapsulated  form  of  macrogamete  through  tlie  micropyle,  and  the  naked 
fiirni  through  a  certain  point  which  pushes  itself  outwanJ  to  form  a  prominence  (7), the 
concept ional  protuljerance.  Sporogony  follows  the  fertilization — ^that  is,  the  odcyst  (8) 
is  formed,  in  which,  through  the  division  of  the  nucleus  and  protoplasm,  there  arise 
four  sporMasta  (.9),  each  of  which  later  produces  two  sickle-shaped  sporozoitea  (JO), 

Numerous  authors  hold  the  view  that  other  local  pathological  conditions  of  the 
tissues  in  man  than  those  described  above  may  be  referred  to  gporozoa,  particularly  ear- 
(inoma,  JJarier's  diaeane,  PageVs  di^ase,  peculiar  diseases  of  the  urinary  passages,  etc. 
It  may,  however,  be  remarked  that  this  assumption  in  part  is  liased  upon  error,  and  in 
part  has  not  been  absolutely  proved  by  the  investigations  which  have  been  made  up  to 
the  present  time. 

So  far  as  carcinoma  is  concerned,  in  spite  of  the  great  number  of  works  on  the  sub- 
j(»ct,  so  numerous  indeed  that  the^  can  scarcely  be  perused  (cf.  |^  121),  no  proof  has  yet 
iK^en  given  that  protozoa,  coccidia  in  particular,  are  present  within  the  epithelial  pro- 
liferation and  are  to  be  regarded  as  the  cause  of  the  same.  All  the  appearances 
described  as  occurring  in  carcinoma  cells,  even  the  sickle-shaped  formations  which  have 
l)een  thought  to  be  convincing  and  those  provided  with  a  sort  of  capsule,  may  be  other- 
wise interpreted,  and  may  be  explained  in  part  as  changed  nuclei,  in  part  as  altered 
protoplasm  of  the  cancer-cc*lls,  in  part  as  cell  excretions,  and  finally  in  part  as  a  product 
of  cell-fusion  or  of  the  taking  up  of  leucocytes  by  the  cancer  cells. 

The  disease  descril)ed  by  Darier  as  ^taoroapennoae  foUiculaire  regetante,  and  referred 
by  him  to  the  presence  of  sporozoa.  is  verv  probably  only  an  inflammatory  affection  of 
the  skin  characterized  by  a  pathological  comiflcation  (keratosis  follicularis  of  van 
Withe),  in  which  little  homy  plugs  and  pegs  are  developed  successively  in  the  epithe- 
lium of  certain  parts  of  the  body,  while  the  cutis  shows  slight  inflamiAatory  changes. 
According  to  Buzzi,  MietJtke,  Rieck,  Kronng,  Petersen,  and  others,  the  ^ corps  rorSu^^ 
described  by  Darier  as  parasites,  contain  kerotohyalin  and  eleidin,  substances  which  are 
present  in  comitied  cells  but  not  in  gregarinfc. 

Paget' s  disease  is  an  affection  spreading  from  the  nipple,  beginning  with  an  eczema- 
like inflammation,  and  leading  to  superflcial  ulceration,  and  flnally  ending  in  a  carci- 
nomatous infiltration  of  the  skin.  It  has  been  referred  by  Barter,  Wieekham,  Malassez, 
»nd  others  to  the  presence  of  a  parasitic  sporozoon  in  the  epithelial  cells;  but  is,  how- 
ever, either  an  eczema  arising  from  other  causes,  and  finally  leading  to  cancer,  or  else 
i^;  a  primary  cancer  accompanied  by  inflammatory  processes  {Efirluirdt),  in  which  pecul- 
iiir  changes  take  place  in  the  epidermis,  particularly  swelling  of  the  protoplasm  and 
nuclei,  with  formation  of  vacuoles,  and  further  proliierative  clianges,  the  peculiar  ap- 
I)earanoes  of  which  might  be  mistaken  for  parasites.  According  to  Jacobaeus  these 
appearances  are  brought  about  through  the  penetration  of  the  carcinoma  into  the 
superficial  epithelium. 

In  variola  and  vaccinia  there  occur  constantly  in  the  epithelium  that  has  under- 
gone recent  changes  small  Ughtly  staining  bodies  surrounded  by  a  clear  zone,  often  in 
great  numbers.  Their  constant  occurrence  in  repeated  inoculations  and  their  charao- 
toristics  make  it  very  probable  that  they  represent  parasites  belonging  to  the  protozoa, 
and  this  view  is  favored  by  numerous  authors  (Guarnieri,  E,  Pfeiffer,  L.  Pfeiffery  Base, 
Funky  Councilman,  von  Wasielewski,  and  others).  Hiickel  and  Barrel  have  attempted 
to  interpret  these  structures  in  another  way. 

Negri  ("  Etiologie  der  ToUwut,"  Z.f.  Hyg.,  43  und  44  Bd.,  1903)  describes  small 
bodies  found  in  the  nervous  system  of  dogs  inoculated  subdu rally  with  the  virus  of 


as  to  the  nature  of  the  parasite.  According  to  A.  W,  Willianis,  the  Negri  bodies  possess 
a  definite  chromidium  and  are,  therefore,  to  be  classed  wuth  the  rhizopods  (J cum.  of 
Infect.  Dm.,  1906). 

Mallory  ("Scarlet  Fever."  Jour,  of  Med.  Res.,  x.,  190^)  hm*iound  a  protozoon-like 
!)()dy  in  four  cases  of  scarlet  fever.  Field  {Joum.  of  Exper.  Med.,  1905)  believes  that 
t  hose  bodies  are  products  of  degenerating  tissue-cells  and  leucocytes.  Gotschlich  ("  Proto- 
ziienbefunde  im  Blute  von  Flecktyphuskranken."  D.  med.  Wochenschr.,  1903)  found 
T^ar-shaped  bodies  in  six  cases  of  typhus  fever  which  resembled  the  parasites  of 
Texas  fever,  and  in  four  cases  he  found  also  flagellated  bodies. 

According  to  Hess  and  Gvittebeaii,  coccidia  may  occasion  in  young  cattle  diseases  of 
the  intestine  resembling  dysentery.  According  to  Olt  and  Voisin,  the  shotty  eruption 
of  swine  characterized  by  the  formation  of  little  cysts  in  the  skin  is  caused  by  coccidia 
iC.fuscum),  but  according  to  Liihe  the  description  of  the  parasites  does  not  correspond 
to  coccidia. 

45 
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§  188.  Under  the  designation  Plasmodium  malarias  (Marchiafava 
nd  Celli)  or  the  hismosporidia  of  malaria  are  grouped  together  at  the 
resent  time  all  those  blood  parasites  which  are  regarded  as  the  canse  of 
uman  malaria.  The  parasites  are  found  in  the  blood  of  malarial  patients 
1  different  forms,  usually  enclosed  in  cells ;  and,  according  to  the  ob- 
srvations  of  Golgi,  Celli,  Marchiafava,  and  others,  a  definite  relation 
an  be  demonstrated  between  the  number  and  the  stage  of  the  develop- 
lent  of  the  parasite  and  the  attacks  of  fever.  The  parasites  pass  through 
ifferent  stages  of  development  in  the  interval  between  the  att^ks  of 
ever,  these  stages,  according  to  the  authors  mentioned,  differing  in /efrii« 
unrtana^  fehris  tertiana,  and/pftn>  quotidiana.  At  the  same  time  the  para- 
ites  of  the  different  forms  of  fever  exhibit  certain  differences  in  their 
hysiological  characteristics.     Supported  by  these  facts,  there  may  there- 
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foi*e  be  distiu^aisb^  iu  man  different  species  of  the  maLarial  plasmodiniiL 
III  its  narrower  sense  the  «lesiguation  FlamMHiium  malarias  is  used  only 
with  refereni^e  to  the  parasites  of  qnartan  fever.  The  parasite  of  vernal 
tertian  on  aotH>unt  of  its  active  movements  is  known  as  HoMmodmrn  nrsj 
(^Ivrassi  and  Feletti) ;  and  the  parasite  of  tropical  malaria,  which  in  Italy 
appears  in  the  antomii,  is  designated  Plamwdium  prcKour. 

Schatofinns  dassificatioa  of  the  makkruil  parasites  is  accepted  br  most  writers. 
He  recofCTiizes  three  varieties:  Plasmodium  nvax  (tertian).  Plasmodium  malarig  \<\Mi> 
tau\  and  PlasmotHum  immaculatum  (.aestivo-autuinnal  (Mirasite). 

Th«  development  and  increase  of  the  plasmodia  take  place  within 
the  red  hlood<corpnseleSv  in  which,  first  of  ail,  small,  colorless  amoeboid 
iHHlies  (Fig.  539,  a)  appear.  In  timartan  ferer  the  further  development 
of  the  i^trasite  pnxvetls  br  an  enlargement  of  the  small  amoeboid  forms 
^Fig.  5:J9,  a,  6,  c,  «l,  e),  so  that  the  red  cell  becomes  more  and  more  fillKl 


Fi6.  SSk^PfaamudiHm  mokirkv  of  qmutui  fifcvcn  In  ttlflfeteiit  stages  of  dBnehiyment.  (AlttrGtifO 
<U  Bmi  lib)Od-««lt  wittiA  small  nooHrfsnianted  plaamiwitem ;  &»  e.  ^  e.  pignenttNl  ylwiuwHi  <rf  wgg 
dim  ineiite  Om  ivd  bbKHl-*^!!!!:  A  piaomoittiim  in  begimrinr  ai^nnentatiim.  witti  cminilj  piwedi  |inHA- 
0.  wHinDiiri  it  pteMnuUium ;  /k  piaMnoiUttiiL  OlvliiMl  inSu  ai^parate  9plienite»;  i.  &e«  ikhm*  i«zib* 
Ukillvldiuil.*. 

up  by  the  parai!>ite.  At  the  same  time  pigment-grannies  appear  vithin 
the  bodiet^  of  the  plasmodia.  When  the  plas&odia  have  attained  a  cer- 
fciin  siz^,  the  p:gment-granule»  move  toward  the  centre,  white  at  the 
same  time  a  radiating  cleavage  sets  in,  so  that  da^'-tike  figured 
Q*'  tfMiett*^H  *')  (  f,  y)  are  formed,  which  com^ist  of  a  pigmented  ciHitre  aini 
non-pigmerited,  radiating  club-^shaped  petals^  Later  the  dnbs  become 
det;K*hed  from  the  central  mat^  of  pigment  and  take  on  a  eirenlar  form  i^'* 

According  to  Golgi«  the  development  anddivisioaof  theplasmeiltiof 
(^oartan  fever  reqoire  three  days  for  their  completi<xu  and  the  actaek»  of 
fever  coincide  with  the  division  of  the  plasmodia.  The  red  cells  orcn- 
pied  by  the  parasites  are  destroyed ;  the  yoong  plasnodia  ji^  f^no^ 
by  division  penetrate  again  into  blood-corpnscles^  and  the  cyde  of  ^ 
velopment  begins  anew.  The  pigment-grannies  formed  by  the  pbsiu'^ 
are  taken  out  of  the  circulating  blotxl  partly  free  and  partly  encU«*<iiiJ 
cells^  and  deposited  iu  diiferent  organs^  purtienlarly  in  the  spleen,  li^^^ 
and  bone-marrow. 

Iu/V6#'W  tertiuim  (renmf  ttrtian)  the  cycle  of  development  c^  rtimpfe^*** 
in  two  days.  The  plasmodia  ilevelopiug  within  the  red  cells  ^^Fisr.  '>^' 
<t-4l\  which  are  dej^guated  Ffamnotitum  t:ieaxr  show  mack  livelier  !H*<i«* 
and  lead  much  more  quickly  to  a  decolorization  of  the  red  blcwd'**'^* 
puscles  than  those  of  qnartan  fever^  so  thac  the  red  cells  become  droJ**f* 
ized  on  the  first  day  after  the  fever,  while  the  piasmoiliak  are  still  fSOu- 
The  pnjtoplasm  of  the  plasmtnlia  of  tertian  fever  is  also  m«knr  drti«-i*«" 
aud  le*^  sharply  contonreil  and  the  x>ignieut-granules  are  smaller.    In  ^^ 
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Fig.  540.—Plafmodium  Hraz  of  a  venml  tertian, 
showing  different  stages  of  development.  (After  Golgi.) 
a.  First  stages  of  development ;  ^,  c.  enlanred  Plasmodia 
with  pseudopOdia :  d^  Plasmodia  before sponilatlon,  tiiered 
blood-cell  decolorized ;  e,  sponilatlon ;  /,  free  parasite 
witb  flagellum  (mlcrogametocyte). 


division  each  Plasmodium  splits  up  into  from  fifteen  to  twenty  new  cells 
(r),  while  the  parasite  of  quartan  fever  forms  only  from  six  to  twelve. 
According  to  Celli  and  Marchiafava,  sporulation  not  infrequently  occui-s 
prematurely,  from  five  to  ten 
spores  arising  within  a  red  cor- 
puscle. 

The  parasite  of  tropical  or 
pernicious  malaria,  the  JPlamno- 
dium  prcecox,  differs  from  the 
hjemosporidia  of  the  vernal 
fevers,  particularly  in  the  fact 
that  it  is  much  smaller  (Fig. 
541,  a,  h,  c,  d)  and  executes 
lively  movements  within  the 
red  cells.  It  completes  its  life- 
cycle  in  twenty-four  to  forty- 
eight  hours.  Through  the  for- 
mation of  a  central  vacuole  it 
often  appears  in  the  form  of  a 
ring.  During  the  stage  of  mul- 
tiplication the  parasite  collects  in  the  internal  organs,  so  that  the  divi- 
sion-figures {d)  must  be  sought  in  the  spleen,  liver,  bone-marrow,  and 
brain  (where  they  are  present  in  great  numbers).  Some  of  the  infected  red 
cells  become  crenated  and  prickly,  and  of  a  brassy  color  (3Iarchiafava, 
Celli);  they  die  prematurely,  and  blood-cells  which  contain  no  parasites 
are  also  destroyed.     The  attacks  of  fever  can  in  the  case  of  autumnal 

tertian  fever  become  so  pro- 
longed that  they  pass  into 
one  another,  and  the  condi- 
tion thereby  assumes  the 
character  of  a  mh-continuons 
or  continuous  fever. 

According  to  Marchiafava 
and  Celli,  there  also  occurs 
a  quotidian  pai^site  very 
similar  to  the  latter,  but  pro- 
ducing no  pigment  at  all. 

Nuclear  bodies  may  be  de- 
monstrated, during  certain 
stages  of  development,  in  the 
protoi)lasm  of  all  the  endo- 
globular    forms   of   malarial 
hsematozoa.      According     to 
Ziemann,  in  sporulation  there  first  occurs  a  division  of  the  chromatin  into 
small  clumps,  and  then  later  the  division  of  the  cell-body,  so  that  every 
clump  of  chromatin  is  surrounded  by  a  zone  of  protoplasm. 

Besides  the  forms  of  development  already  described  which  lead  to  au 
intracellular  increase  of  the  Plasmodia  through  schizogony^  there  occur 
particularly  extraglobular,  in  part  also  endoglobular,  round  and  oval, 
sickle-  or  crescent-shaped  structures  (Figs.  539,  r;  541,  e,  /),  as  well  as 
round  bodies  with  flagella  (Figs.  540,  /;  541,  g\  which  also  contain  a 
nucleus  and  pigment.  The  crescent  forms  occur  particularly  in  the  per- 
nicious fever  (Fig.  541,  e,  f).  Celli  regards  them  as  a  diagnostic  feature 
of  this  form  of  fever;  and  Ziemann  also  holds  that  typical  crescents  are 
not  formed  in  the  other  varieties  of  malaria. 


Fio.  b'^\  .—-VlaitmoiHum  prrrcor  of  tropical  malaria, 
Fboiving  different  stages  of  development.  ( Af  t«r  Golgi  and 
Hanfelice.)  a,  First  stages  of  development:  /),  Plasmodia 
with  pseudopodla ;  c,  round  Plasmodium  with  pigment,  be- 
fore w*(nnentati(»n :  ff,  sporulation ;  e,  intraglobular  sexual 
individual ;  /,  g,  free  sexual  cells. 
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TUv  last-named  forms  Laveran  had  already  desrribpd  as  ijtjudum> 
lieUii)pu<;  to  tbe  cycle  of  development  of  the  pla;anodia,  while  tiolgl 
Canalis  IVUi,  Marchiafava,  Bipiami,  Bastianelli,  zw^iMinn  aod  others 
n^iniiHl  them  as  sterile  vegetationforms  that  die  without  further  df 
velopnuMit.  First  through  the  investigations  of  Manson,  Bignaml  Ba«, 
ami  Mm<\illum,  to  which  were  later  added  thoge  of  Grassi,  Bastiauelli, 
Higiiami*  Celli,  Laveran,  Koch,  Schandinn,  and  othens  it  was  ^iowb  that 
the  riYWYii/x,  the  ocxi/  badkny  the  spherical  bodies,  or  gpk^rrt,  as  wdl  as  the 
flnfft^fatfii  hw}i<n  known  as  po/jmilfN^,  are  intended  for  the  repndudiontf 
tkf  jM^rttmUit  hit  mpviatkm.  The  flagella-prodncing  hyaline  sphens  arb 
ing  fn>m  the  civMvnts  are  male  sexual  individuals  or  microffamHaeftfK 
ami  Xhv  t!a«:t'Ua  ile>elo]iing  from  them,  in  whose  formation  the  cim«- 


ri«;  us.  FIG.  5ia. 

>  h.  .\4::     .1  »..*|«Jb,  ^9  c».«r«in  r.     (AlVr  ]l«l|pni,  lor.  rff.)    X  4.    To  tbe  r1«:bt  a  wins  ftt  li^Kr  osae- 
)  »v  :»4a.    \t.>i^a««NH-  ^^  liHttuia  |aff«M(«us  ■udaria  irkutmodium  prascox)  In  tbe  Istestbud  iradl  of  a 

niHtin  %»V  tin*  ri'^U  takt^  an  tr^^^ntial  jwirt  (SacharofQ,  have  the  signifi- 
oHiH^*  of  *•*♦»•?/  r*\Vx,  j^ar^'ttHvfn^dir,  or  mieroganieies  ;  while  the  non-fla^- 
rUaltn)  ^pht^ix^s  ari>ani;  fnnn  the  granular  crescents  have  the  signitiranct' 
of  /'f^T»'r  AT  j'Mvt/  Cf\**  t*r  mmmtpatmrieK  The  crescents  leading  to  tbe  for- 
nuiDon  of  tho  ^«Mial  c^^r.s  apfwiar  <*nly  after  the  infection  has  lastt^d  for 
^''X^^'iil  ^t-^xx  In  lh<*  chnMuc  cach<*xia  following  malaria  the  forms leail 
m^  to  -^lu^^x^jxMA  ai\*  alv^Mii,  and  the  crpseents alone  are  present. 

l^H^  i^*#**»'.»N%»  t^*'  r*.*  m^*f^*^l  pamsifes  of  man  takes  place  normally  in 
Iho  ^TiMwr^J^  •^^  r»~  H»,MoiLf7<i,  in  different  i^iHries  of  Anopheles  (Fig.  542), 
>fthH'^  tiiK*^  «p  tin*  m:4Un:»l  )%arasite$  during  the  sucking  of  blwul  from 
mal:ir)^)  )vAi>^^niv 

Tlw»  ^»>*k'm  an^in;:  fixun  ibe  nnion  of  the  macrogamete  and  micn*- 
^s;miiHo  »  %li^^tw*UH!  ^^iHnfir  Schandinn  >,  a  long,  motile  stmrtun 
vd*****^!;!^  tvuln^r  sun  xvnuicnlns  by  Flanielewsky)  which  ijenetrat*^  ini'* 
tin*  >4*x»v,,H  h  >fc"3*ll  i\f  Uic  UKts^niio  c  Fig,  54'^),  where  through  the  foniia 
:nx*i  t\t  A  v.'^psuK^  ii  I%o«>^h^  iW  Oi>|wf,  The  latter  then  enlarges,  awl 
S^tux  v.unn^n^tts  d:4iU')ti«^  nucVi.  aud  then  uporobiasts,  which  bre«  k  cp 
innx  th<k  ^5fwv»vi>wV,*  (^l>^.  Ml"^  and  tiie  resklnal  body.  According  to 
tinu^*  *N  *iu%i\>  a^  10,i«i*i>  s)x^ntn«ites  nay  be  formed  in  one  oocyst. 

T^ie  s|^\r*x>\Mio>v  m  h>cli  an?  fanned  in  enormous  numbers,  pa«  iJ<'^ 
llie  bi^ly^<^x  u\  at^ortlie  naiviniy*  %^  the  tWicysl,  and  collect prineipallr  in 
ttw-  ?«ilu-at>  ^lamK  *nd  Ihmngh  ibe  Wte  of  the  infected  mosquito  are 
j^S^in  Iransawiit^Hi  t%x  wian,  in  whoj^r  Wood  ihey  multiply  within  Ibe  ltd 
WtVHt-<vlls  thn^>$h  sr^i?»u.'**m^ 
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The  pathogenic  significance  of  the  malaHal  j^amwdia  rests  in  the  fii'st 
place  upon  the  destruction  of  red  blood-ceils.  In  the  pernicious  form 
this  may  he  so  extensive  that  hsemoglobinuria  may  take  place.  The 
melanotic  pigment  formed  in  the  parasite  is  a  product  of  the  vital  ac- 
tivity of  the  parasites.  In  addition,  as  the  result  of  the  destmction  of 
hiemoglobin,  there  occur  deposits  of  haemosiderin  in  the  bone-marrow, 
spleen,  liver,  and  occasionally  also  in  the  kidneys.  In  the  case  of  a 
marked  destruction  of  the  red  blood-cells  there  may  occur  an  excretion 
of  dark  red  urine,  a  haemoglobinuria  (black-teater  fever).  The  massing  of 
the  parasites  of  pernicious  malaria  in  the  cerebral  capillaries  may  cause 
circulatory  disturbances  with  the  occurrence  of  numerous  haemorrhages, 
and  consequent  severe  cerebral  symptoms  (perniciosa  comatosa,  soporosa, 
apo]>lectica,  meningitica). 

As  the  result  of  the  retention  of  pigment -containing  malarial  parasites 
and  the  deposit  of  the  products  of  blood-destruction,  there  occurs  a 

marked  swelling  of  the  spleen  associ- 
ated with  hyi)er8emia,  followed  in  part 
by  tissue-degenerations  and  in  part  by 
tissue-proliferations. 

After  a  long  duration  of  the  process 
the  spleen  may  become  markedly  en- 
larged, pigmented,  and  greatly  changed 
in  structure.  Likewise,  in  the  liver 
there  may  be  found  in  part  degenera- 
tions and  pigmentations,  and  in  part 
also  indurative  proliferations, 

Cefiain  varieties  of  the  Plasmodium 
correspond   to  the  individual  types  of 
fever,  as  given  above,  but  it  must  be 
noted  that  the  fever-forms  known  as 
quotidian,  subcontinuous,  and  continu- 
ous Q^comitata  "),  may  also  arise  through 
the  presence  in  the  blood  of  different 
genei-ations  of  the  plasmodia  of  tertian 
or  4|nartan  fevers,  so  that  daily  a  portion  of  the  parasites  comes  to  sporu- 
lation.     In  this  way  there  arise  quotidian  forms  of  fever,  which  must  be 
regarded  as  a  double  tertian  infection  or  as  a  triple  quartan. 

According  to  the  investigations  by  Schaudinn,  the  relapses  that  occur 
S4jmetimes  weeks  and  months  after  the  original  attack  may  be  explained 
by  the  fjict  that  the  macrogametes,  which  are  longer-lived,  revert  to 
schizonts  by  throwing  off  a  portion  of  their  nucleus  and  protoplasm. 
According  to  Plehn,  basophile  granules  are  found  in  the  red  blood-cells  as 
long  as  the  infection  persists.  They  vanish  when  the  infection  finally 
comes  to  an  end. 

The  malaria  occurring  in  northern  countries  corresponds  in  general 
to  the  vernal  foruLs  of  Italy,  while  the  testivo-autumnal  form  is  found  in 
the  tropics. 

Hiemosporldla — that  is,  Rporozoa  which  live  at  the  cost  of  the  red  blood-oells,  and 
thereby  produce  diseases  which  are  to  be  classed  with  malaria— occur  very  frequently 
In  animals.  Those  of  blrda  are  best  known  {DanUewsky,  MacCdUum,  kosa,  Graasi, 
Diomsiy  Celli,  and  Schaudinn)  and  the  life-cvcles  of  the  nsemosporidia  of  the  pigeon, 
owl,  and  skylark  have  been  determined.  LaJooi  distinguishes  two  genera  in  birds,  Hal- 
teridium  and  Proteosoma  (Hamoproteus  of  Kruae) ;  as  to  the  number  of  undifferentiated 
species,  nothing  can  be  said  at  the  present  time.    Celli  obtained  from  the  birds  men- 


ViG.  544.— Oocyst  of  Ilanmodium  jtrcrcor^ 
fin»-*l  with  Mpt»ro2olt4»}*.    (.Afr«r  Gra«sl.) 
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tionerl  three  woII-«iefined  species.    Schaudinn  a&Higns  the  parasites  of  birds  des^na*  >i 
as  proteoHoma  to  the  ^enus  plaHmodium. 

Of  the  MamniAlUi,  cattle  in  particular  suffer  in  different  countries  (Southern  Sc;i:^ 
of  North  America,  Italy,  South  Africa,  Roumania)  from  a  maiaria  characteriaed  rv 
high  fever  and  hemoglobinuria.  In  the  malaria  of  cattle  known  as  Texa^-fertT,  Sm 
and  Kiihourne  found  in  the  red  blood-cells  a  small,  often  |>ear-fihaped,  and  paired  pan^.'" 
(Piroploftma  brigeminum) ,  whone  pathogenic  significance  they  determined  through  the  in- 
oculation of  healthv  cattle  with  blood  containing  the  parasites.  Babes  found  the  sar^ 
parasite  in  the  epidemic  luraioglobliiurUi  off  c£ttle  prevalent  in  Roumania.  The  fiiv*- 
named  ob8er>'ers  showed  further  that  the  natural  infection  takes  place  through  parss:ic 
ticks  (Boophilus  bons)  living  upon  the  cattle,  the  infection  being  transmitted,  not  kn*  the 
same  tick  which  takes  up  the  mfectetl  blood,  but  only  through  the  ^neratioo  deseenJ- 
in^  from  the  same.  This  mode  of  infection  was  confirmed  b^  Koch  m  the  hsemogk)btn- 
una  of  cattle  occurring  in  Cierman  East  Africa  and  by  Grasn  in  that  occurring  in  catilf 
in  Italy.  The  mode  of  development  of  the  piroplama  in  the  body  of  the  tick  is  stOl 
unknown;  and  it  therefore  cannot  be  decided  whether  the  parasite  should  be  elasBe<i 
with  the  known  malaria  parasites.  Against  a  near  relationship  with  the  latter  speaks 
the  fact  (Luhe)  that  it  increases  within  the  red  blood-cells  by  a  repeated  simple  d' vision. 
According  to  KoUe,  there  occurs  in  South  Africa,  besides  Texas-lever,  another  malarial 
disease  of  cattle  (Fthris  malariafarmis) ,  which  is  caused  by  an  endoglobular  parasite*. 
TkeUer  also  distinguishes  two  forms  of  piroplasmosb  of  cattle  in  South  Africa.    The 

firoplasma  occurring  in  dogs  and  in  horses  he  repirds  as  an  especial  form  distinct  from 
iroplasma  bif^minum.  Accort^ling  to  observations  by  Xocard  and  .4/my  and  Moias 
a  piroplasmosis  associate<l  with  tuemoglobinuria  is  not  imcommon  in  dogs  in  France. 
Aocoraing  to  Galli,  Valerio,  and  Piana,  it  occurs  also  in  Italy. 

According  to  Bonome  and  Celtic  hsemosporidia  also  cause  malaria  in  Bheep  and  laffA^ 
according  to  Koch  and  Kossel  also  in  apes,  and  according  to  'DioniH  in  bats;  but  tfae 
life-history  of  all  these  parasites  is  imknown. 

DanHew$ky  and  VtUi  have  described  luemosporidia  in  the  frog,  and  the  latter  ob- 
server determined  also  the  development  of  the  parasite  in  the  blood. 

Whether  the  malarial  parasites  of  man  can  be  transmitted  to  animals,  or  whether 
the  malaria  of  animals  can  lead  to  an  infection  of  man  through  the  medium  of  mt^- 
quitos,  is  not  decided  with  certainty,  but  appears  improbable.  The  plasmodia  of  tb^ 
bat  most  closely  resemble  those  of  man,  yet  attempts  at  inoculation  made  by  Ih'osia 
gave  no  positive  results.  It  may  therefore  be  assumed  that  malaria  would  die  out  in 
a  given  region,  either  when  all  susceptible  anopheles  were  killed,  or  all  infected  human 
individuals  healed  or  protecte<l  from  mosquito  bites. 

The  malarial  plasmodia  are  stained  best  by  the  Romanowski  stain,  which  differen- 
tiates the  nucleus. 

The  view  that  OHMqaltOS  w^ere  concerned  in  the  distribution  of  malaria  is  ven* 
old.  and  has  obtained  in  Italy  since  Roman  times.  Ktfch  found  it  held  as  a  popular  belief 
al.so  among  negroes.  In  recent  times  Manmn  (1896)  and  ^'^naifii  (1896)  won.- the  first 
to  turn  their  attention  to  the  problem  and  to  give  hypotheses  concerning  the  role  plart^i 
by  mosquitofl  in  the  spread  of  malaria.  Bif/fMmi  carried  out  experiments  along  this 
line,  but  came  to  no  |)ositive  result.  Rt>»  was  the  first  (1897-96)  to  determine  the  cyr!*- 
of  development  of  the  malarial  Plasmodium  of  birds  (usually  known  as  pnttensunia 
According  to  his  investigations,  the  parasites  taken  up  with  the  blood  of  the  infecteii 
bird  Into  the  iDtestinal  canal  of  mosquitos  penetrate  hito  the  intestinal  wall  and  there 
change  into  cysts  in  which  Innumerable  rod-sliapcd  germs  develop.  B«<n>miue  frvf. 
these  germs  gain  entrance  into  the  salivary  glands  of  the  ninsquitos,  and  tb«*nce  to^o 
tlie  organism  of  the  bird  during  the  act  of  bloo<l-suckiDg.  Ross  found  the  parasiit-!»  il 
the  bUMxi  of  the  infected  bird  in  from  five  to  nine  days  after  the  infection. 

About  the  same  time,  Gntsn  found  through  puin staking  observatioLs  that  the  dis- 
tribution of  malaria  in  man  corresponded  to  the  distribution  of  Arn^^Us  darf'fftr 
(Ftt&ririH»)  (Fig.  542),  and  not  to  tliatof  the  common  mosquito  {Othx pip%em$).  Btescg 
his  experiments  upon  this  observation,  Bignami  succeeded  In  producing  malaria  iu 
healthy  men  by  means  of  tlie  bite  of  anopheles.  Later  Graui^  in  cooperation  witi. 
BiuUukneiU  and  Bignami,  succeeded  in  determining  the  life-cyele  of  the  malaral  par- 
asite It  was  then  shown  that  several  species  of  anopheles  native  in  Italy  {Ahopie^** 
etaviger  [F\»brie»f4s]  or  Anophtlen  mnculipennis  [Mtigen],  AnopMm  mtperpUtn^.  pamo*- 
piettu^  b%fkreatH9)  spread  the  malaria  occurring  in  man,  while  C*(t/cr  |Mptif aj  is  the  bi^t 
of  the  parasites  of  bird-malaria 

The  cyde  of  devlopmewt  off  the  malaria  pUmmtMxtm  is  as  follows  Within  tl  e 
blood  (of  man  hs  well  as  of  birds)  the  multiplication  takes  place  first  br  wehiztKi^uy,  Ti  «- 
young  form  of  the  plasmodia,  repre$ente«l  by  a  small,  unpigmented  body,  grow^  vitliia 
the  tA  cells  (Fig   5i5»  i)  into  a  larger  body  (i^  ^  whose  central  portioa  pigniLiifr- 


H.EMOSPORIDIA. 


713 


granules  collect.  This  cell-body  known  as  tchizont  shows  in  prepamtion  for  schizogony 
an  increase  of  nuclei  (J),  and  then  divides  into  a  number  (var^^ing  with  the  species)  of 
itpoi'es  or  Meroz<ntts{4)  with  the  abandonment  of  a  pigmented  residual  body.  The  niero- 
zoites  then  seek  a  red  blood  cell  {1),  and  the  cycle  is  again  begun. 

In  spoTogony  the  merozoites  develop  into  sexual  individuals,  mncrogametes  (5)  and 
microgametocytes  (Ja).  When  taken  up  into  the  stomach  by  blood-sucking  mos- 
quitos,  the  sexual  individuals  become  ripe  for  fertilization,  the  macrogamete  by 
throwing  off  the  kar^'osome  (<>),  the  microgametocytc  through  the  formation  of  micro- 
gametes  (/;//).  Copulation  then  fi>llows  (7).  From  the  copula  arises  the  motile  ookinete 
(<v).  which  in  the  wall  of  the  mosquito's  intestine  becomes  the  oOcyst,  in  which  through 
the  division  of  the  nucleus  the  sporoblasts  {U)  are  formed,  which*  in  turn  break  up  into 
a  large  number  of  spon>zoites  (10),  which  (//),  becoming  free,  collect  chiefly  in  the  sali- 
vary glands,  and  are  thence  transferred  by  the  bite  of  the  mosquito  to  a  new  host,  in 
\«hose  blood  they  increase 
t  hrough  schizogony  ( 1-4 )  • 

According  to  the  inves- 
t lotions  of  Schaudinn,  the 
macrt^^metes  and  the  micro- 
gametocytes of  Plasmodium 
nrax  may  be  distinguished 
from  each  other  in  the  earli- 
est stages  of  development 
within  the  red  bkx)d-cell, 
and  also  from  the  schizonts, 
at  first  through  the  peculiar 
structure  of  the  nucleus  and 
later  through  that  of  the 
protoplasm.  In  a  new  in- 
fection of  tertian  malaria  the 
differentiation  of  the  gametes 
b^an  after  the  third  attack. 
The  growth  takes  place  e»- 
Hentially  slower  than  in  the 
case  of*  the  schizonts.  The 
pigment  production  is  more 
abundant,  while  the  nucleus 
is  larger  and  less  dense. 

The  larva;  of  anopheles 
live  chiefly  in  slowly  flowing 
water.  The  eggs  of  Anoph- 
clen  claviger  require  about 
thirty  days  at  2()  -25^  C.  for 
the  development  of  the  in- 
sects, and  these  in  turn  lav 
eggs  when  twenty  days  old. 
The  pupas  are  resistant  to 
drying,  to  cold,  and  to  con- 
tamination of  the  water. 
The  mosquitos  fly  during  the  evening  and  night,  btit  do  not  rise  very  high  above  the 
level  of  the  earth,  and  do  not  go  very  far  away  from  the  place  of  development.  Ac- 
cording to  Grossly  Bignami,  and  Bcutianelli,  the  sestivo-autumnal  parasites  will  not 
tievelop  in  anopheles  at  a  temperature  of  14^-15'  C,  and  grow  only  slowly  at  20°-29° 
('.;  at  30*  C.  they  complete  their  entire  development  up  to  the  formation  of  sporo- 
zoites  in  about  seven  days. 

The  literature  concerning  malarial  parasites  is  extremely  rich.  The  results  of  the 
latest  investigations  are  given  in  the  pubUcations  of  Grassi,  Schaudinn,  Mannaberg, 
^uUall,  Celli,  Marchiafava,  Bignami,  and  Lithe, 
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xxvii.,  19(10  (Lit.). 
Opie:  On  the  Hiemoc>to);oa  of  Binls.     Journ.  of  Expcr.  Med.,  iii.,  1898. 
Plehn:  Beitr.  a.  Kenntniss  d.  tropischen  Malaria  in  Kamerun,   Berlin,  1896;  Weitcres 

ilber  Malaria,  Jena,  1001;    Schwarzwasscrfiei)er.     V.   A.,   174   Bd.,    I0O3;   Infek- 

tionskrankh.  bei  Negem.     lb.;    Antell  Kochs  «n  tl.  MalariaforschunK.     D.  me<l. 

Woch..  1903. 
Rom:  Mosqiiiton  and  Malaria.     Brit.  Miii.  J.,  i.,  1899;  Ann.  dp  nnst.  Paateiir.  1899, 
Rug«:  MnlariaparH8l(en.     Handb.  d.  pnlh.  MikmorK..  i-.  Jeiui.  190.S. 
SaUiaroff;  Le  parasite  cies  Hc^vres  paliiil^nnes  invgiilifrrs.     .\hii.  di'  I'liii'.  Paslour, 

v..  1891. 
Sombon:  Life  History  of  Anopheles.     Brit.  Med.  Journ.,  i.,  1901. 
Scbaudmn:  Dor  0«nemtioi«wecli»el  d.  Coccidien  ii.  HSmosporidion.     Zool,  Cbl.,  vi., 

1899;    I'lasmodium  vivax,  d.  Err^.  d.  Tertian (ie1>ers.     Arb.  a.d.  k.  Geaundheits- 

amte,  xix.,  1902. 
vandw  SdiMr:  Tmpische  Malaria.     Vireh.  Arch.,  139  B<l.,  189.5. 
Schonbe:  Schwa rzwasseriieber.     Eulenb.    Jahrb.,    viii.,    1KU8;     Die    Kmnkheilen    d. 

wartnen  Liimler,  Jena,  1903   (Lit.);    Texa«fieber.     Eulenb.  Healeneyklop.,  xxlv., 

1900  (Lit.). 
SdmeidemOhl:  Die  Prolonoen  nls  KrankheitserreRer,  Leijuig,  1898. 
Schw&lbd:  Beitr.  z.  MalariafniRe,  i.,  ii..  Berlin.  1900. 
Smitli;  Die  Aetiolofcie  der  Texan lieljersetic he  des  Hindes.    Cbl.  f.  Bakt.,  xiii.,  1893; 

N.  Y.  Meil.  Joiim.,  1S99. 
Stein:  Hlnictur  des  I'ntns,  der  Malaria  t«rtiana.     Vireh.  Arch.,  l.TO  Bd.,  1900. 
Thajror  and  Hewetwm:  jtlalarial  P'cven  of  Balliniore.     Johns  Hopkitm  Trewi,  1895. 
Th«Uer:  PiroplaHmoseu  in  Sildafrika.     Fortschr.  d.  \'eter.-Hy(!.,  i.,  ref.  C.  f.  B.,  xxxiv., 

liKH. 
Wild«:  ErKebniKiie  der  MalnriaforHchunf!.     Miinch.  nie"t.  Woch.,  1901. 
Zi«iniuui:  Bliitparoxitan  bei  heiniiitcher  u.  tropischer Malaria.     Cbl.  L  Bakt,,  xx,,  1896; 

Ceber  Malaria  und  andere  Blutparasiten,  Jena,  1898. 

§  isg.  Of  the  dilates  or  infusoria  ocCTtrriii^  within  Hie  human  ot^n* 
■Kill  tlie  best  known  and  mo.st  important  in  i]\e  Balantidlum  or  Para- 
mscium  coii,  a  nnicelliiliir  animal  60-70  ;*  long,  oovcrpd  with  short  uni- 
form cilia.     At  its  anti-rior  Olid  it  has  a  Kliort  peristoma  (Fig.  546,  a) 
which  (i{>ciis  into  a  flliort  gnllet.     Thebwly  is  marli(^ 
with  piirnllcl   striptts  and   eiiolosea    a    i>eiin-sliiiiH'd 
(;hit;f  nucleus  (6)  and  an  aoces.sory  nucleus  and  two 
vacuoles.      Multiplication  takes    place   by   division 
into  two  new  individuals.      It  dt'vclopa  a.  pennanent 
form  in   the  shape  of  a  spherical  cyst  witli  a  firm 
mcinbi-ane. 

llalantidium  coli  occnrs  very  often  in  the  colon  of 
swine  witliout  causing  appan>nt  changes.  In  cases  of 
i-tii-ouic  diarrhcea  in  man  it  has  been  found  in  the  de- 
jections and  in  the  colon,  and  probably  stands  in 
I'tUKd  relation  to  the  intestinal  catarrh.  Acconling 
lo  investigations  by  Solowjew,  A.skanazy,  KHinenko,  ^^ 

mid  others  the  balantidia  may  penetrate  into  tiie  niu-    lum^  (mmmrBcuim) 
roNaand  siibiniicosa  of  the  intestine  and  cause  there    {J*-  JlJJuoI^  "(ABer    ' 
ulcers.     They  inay  also  wander  into  the  blood-vessels,     cirus.i    n,  mouuh  6, 

■"  ■^  nucJBus:      c.    Included 

Other  Rpecies  of  clilatM  liave  been  observed  in  the  intestine     'SS^tai!!5"i^iiie'''aM'Ji 
of  man,  Bahinliriiiim  mtnu/iim   (ScAaiuJinn,    1899)  and  Nyklo-     being  eKraded.    Higli 
Ihfnu  /aba   (Schaudinn).     In  the  paunch  and  reticulum  of  rumi-     mwntncBUon. 
iiants,  in  nhieh  the  cellulose  diKention  is  carried  on,  and  in  the 

hliad  intesline  of  horses,  infusoria  are  universally  present  and  occur  in  enormous 
numbera.  for  example,  liolrichaprothnna.  Entodiniam  caudatum,  OphryoKoUi  eattdalui, 
and  others. 
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Aakanazyr  Pathofr.  Bedeutung  d.  Balantidium  coIL    Verh.  d.  D.  path.  G«s.,  t.,  Il>itl 
Cohnheim:  Infusorien  im  Magen  und  Darm.     D.  med.  Woch.,  1S03. 
Doflein:  Die  Protozoea  als  Parasiten  und  Krankbeitserreger,  Jena,  1901. 
Sberlein:  Infusorien  im  Wiederkauermagen  (konunen  normal  vor).    CbL  L  Balr., 

XX.,  1896. 
Oraaai:  Protistes  endoparasites.    Arch.  ital.  de  BioL,  iL  u.  uL,  18S2-83. 
Orimxn:  Leberabscess  imd  Lungenabsress  mit  Infusorien.     I^mgenbedcs  A.,48Bd^  1S94. 
Henaen:  Infusorien  im  Magen  bei  Carcin.  ventriculi.     D.  A.  f.  klin.  Med.,  59  Bd.,  IS^ 
Jakoby  u.  Schaudinn:  Neue  Infusorien  im  Darm.    Cbl.  f.  Bakt.,  xxv.,  1889. 
Janowski:  Balantidium  coli  im  Stuhl.     lb.,  32  Bd.,  1897  (Lit.). 
Xlimenko:  Z.  Pathologic  d.  Balantidium  colL    Beitr.  v.  Zi^ier,  xxxiiL,  1903. 
iMng:  Protozoft,  Jena,  1901. 

Malmsten:  Teber  Balantidium  coli.     Virch.  Arch.,  12  Bd.,  1857. 
Kolter:  Zur  Kenntnis  des  Balantidiimi  coli.     I.-D..  Kiel,  1891. 
Solowjew:  Balantidium  coli  ala  Erreger  chron.  Durchfalle.    CbL  f.  Bakt.,  nit.,  1901 

(Lit.). 
Stieda:  Ueber  Balantidium.    Yirch.  Arch..  55  Bd.,  1896. 

Stion^:  The  Clinical  and  Pathological  Sijpificance  of  Balantidium  Coli,  Manila.  ld(M. 
Strong  and  Kusgrave:  Infect,  with  Balantidium.    BulL  of  Johns  Hopkins  Hoep^ 

xlL,  1901. 

II.  Vermes  (Worms). 

A.  Platyhelmtsthes  (Flat-Worms.) 
i.  TrematodOf  Suckihg   Worms, 

§  190.  The  Trematodes  or  sucl-ing-warms  are  flat -worms  of  tongue  or 
leaf  shape.  They  possess  a  clinging  apjKaratns  in  the  form  of  ventral 
sacking-cnpsof  varying  number,  and  are  sometimes  furnished  with  hook.< 
or  clasp-like  horny  projections.  The  intestinal  canal  is  without  an  anns. 
and  is  nsoally  forked.  The  development  takes  place  either  by  the  direi't 
growth  to  maturity  of  the  embryos  (miracidinm)  hatching  from  the  eggs 
or  by  the  method  of  alternate  generation  thrungh  the  formation  of  germ* 
within  the  hofft.  The  miracidinm,  or  ciliated  embryo,  penetrates  into  a 
snail  or  mussel,  and  there  grows  into  a  germ-mc  {aporocgst^  within  which 
there  later  develops^  either  directly  or  after  the  formation  of  an  intt^r- 
mediate  generation  of  germ-sacs  (redice),  a  swarming  generation  of  cfr- 
eari4E,  which  are  provided  with  rudder-like  tails^  These  lose  their  tail> 
and  penetrate  into  a  new  host  (mollusks^  arthropods,  fish,  amphibia', 
become  encapsulated,  and  attain  sexual  maturity  as  soon  as  they  reach 
the  final  host.  The  germ-sacs  which  produce  cercariffi  are  destgnatni 
primary  germ-sacs  (^^Ammen") ;  if  they  first  form  redise  and  then  cer- 
carise,  they  are  called  secondary  germ -sacs  ("  Gragmmmen  **). 

DIstofiui  hepaticnm,  or  liver-fluke,  is  a  leaf -shaped  sucking-wonu 
about  28  mm.  long  and  12  nun.  broad  (Fig.  547).  The  cephalic  et^l 
projects  like  a  beak,  and  bears  a  small  sucking-cup,  in  which  the  momli 
is  placed.  Close  behiudthis  on  the  ventral  surface,  is  a  second  suekiiu;- 
cup,  and  between  the  two  lies  the  sexual  orifice. 

The  uterus  consists  of  a  convoluted,  globular  sac  behind  the  posterit^r 
sucking-cup.  On  each  side  of  the  hinder  part  of  the  body  lie  the  yolk- 
sacs,  and  between  the  same  are  found  the  testicular  canals, 'which  iKancli 
many  times.  The  forked  intestinal  tract  (not  visible  in  Fig.  547)  is 
repeatedly  branched. 

The  eggs  (Fig.  548)  are  oval,  0.13  mm.  long  and  0.08  mm.  broad.  In 
water  there  develops  an  embrvo,  the  minmdiiem  fFig.   549,   J\  with 
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<-ellularg«riu-ball8  (d);  with  the  aid  of  its  ciliated  eoveriiig  the  embrjo 
swims  about,  and  seeks  out  a  uew  host  from  the  family  of  mollusks 
(  Limnwus  minviug).     On  peiietratiou  into  the  suail  the  cutaneous  layer  m 
thrown  off,  and  the  miracidium,  which  possesses  an  intestine,  au  excre- 
tion-organ and  a  brain -gaugliou,  beeomea  changed  into  a  gporocyat  (£), 
ill   which  the  intestine  and  nervous  system  atrophy,  while  the  cellular 
germ-balls  develop  further  (£,  n)  and  form  a  aectmd  generation  of  fferm- 
aaai,  the  redite  (£,  b).     The  redife  {C),  which 
possess  an    intestine   (C,   a),    produce  then 
within  the  same  host  the  cei-eariw  (D)  from 
cells  which  are  loosened   from  their  germ- 
matrix  {V,  b);  these  abandon  the  host  and 
with  the  aid  of  a  rudder-like  tail  swim  about 
in  the  water.     With  the  loss  of  their  tails  they 
become   encysted  upon  almost   any   foreign 
tM>dy,  and  then  reach  their  final  host  (osually 
through  the  food),  in  which  they  attain  sex- 
ual ntatnrity.     The  sexually  mature  animal 
inhabits  the  biliary  passages;  more  rarely  it 
is  found  in  the  intestine  or  inferior  vena 
cava.     The  liver-fluke  is  rare  in  niau,   but 
common  in  cattle  and  sheep.    The  results  of  its 
invasion,  especially   when  it  is   present    in 
great  numbers,  are  obstmction  and  ulcerative 
strictures  of  the  bile-passages,  formation  of 
biliar>'  concretions,  inflammation  of  the  tis- 


siiei«  in  the  neighborhoo<I  of  the  bile-ducts,  and  hyperplasia  of  the  peri- 
[Kti-tal  connective  tissue  of  the  liver  with  atrophy  of  the  glandular  (issue. 
The  same  changes  are  foand  in  cattle.  In  shee|>,  following  a  marked  in- 
^■usion  of  the  liver,  there  may  develop  a  general  cachexia. 

Distoma  lanceolatum  is  only  8-9  mm.  long  and  2-2.5  nmi.  broad,  is 
laucet-8hai)ed,  and  the  cephalic  portion  is  not  especially  marked  oflF 
from  the  body  (Fig.  55u). 

The  skin  of  the  body  is  smooth.  Two  irregularly  lobed  testicles  (A) 
lie  close  behind  the  ventral  sucking-cup,  la  front  of  the  ovary  (o)  and 
the  uterus  (u),  the  coils  of  which  shine  through  the  transparent  body. 
The  anterior  coils  are  black  with  the  ripe  eggs,  the  others  are  rusty  red. 
The  yellowish-white  yolk-sacs  (ft)  lie  in  the  middle  of  the  lateral 
nnirgiu. 

The  oval  eggs  are  0.04  mm.  long,  and  while  still  in  the  uterus  (contain 
an  embrj'o  which  escapes  only  after  several  weeks  following  the  casting- 
(itr  of  the  eggs.     Its  metamorphoses  are  unknown. 

JHstoma  ianceolatuni  likewise  inhabits  the  bile-passages,  but  is  very 
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r^r*^  iu  uiitu.     Il   ie  uf  uumv  fnt^avtil  (wcurrruf)-  id  tJMfe|i  : 
Wiunu  pfvtteot  ouly  iu  euail  niuBtMue,  it  < 
()u:  |>nM;ui«  uf  largt^  uumberx  luay  t^rite  ii 


Sll"m.'« 


UUtama  ipnthutatum  (F\g.    551)  is  a  fiacking-worm  ormTTinf  u 

until  III  Jitimii  (IihI  CUiiiA.     It  ix  10-14  mm.  lougaud  2.3— l  nuu.  br«id 

Tlip  t»KS*>  '^"'1  0.0'27-O.03  mm.  lonp  aad  U.cil5-ll.ti> 

mm,  brotMl.     The  jtarai^ite  inhabits  m^naUt  ibr  hiV 

lHU«iitK<<8  and  tlic  jj^im -bluddcr.  bm  may  alsti  piii^ 

HiM^\-«4  to  tbojuuid'eiilieduct  (KatBorada).  ondpa- 

»Hil  into  tho  inlt'stiiie.     When  oc^Ttrriug  in  p«>' 

'  imudMTS  (KntMiradu  connted  4.361  is  oim*  (Wf    ' 

«uu^«Aiioltstruotioii  to  the  ontflow  of  tl»e  Iwle.  wi^ 

A        olVuf\t-itosa  more  or  less  severe  inflanunslioii  ii"! 

imOitVraiioiiof  eoiinerlive  tissue. 

Tlw   itMTHsile  is  found  also   in  eate  and  4"P 
/  i  y  KtilMinntui, 

DUtMU  Westennanni  (Herbert),  or  THMim* 

1  _»».'■».««.>>  flWla')  also  occurs  iu  Japan,  Chim.  aod 

•f  I  i\ww*,     Ttw  won»  is  r..V10  mm.  long,  5-7.5  mo- 

twx^Ait  (^^K- stutiied,  vilh  slightly  flattened  ventral 

nuii^>\     Tbe  o\Tal  ejgr*  are  0,09  mm.  long  axl 

M        AA'W  MWL  br\«d.     Tbe  internal  organization  (Pi(!' 

\C*  i>;iwatt«l>n«  thai  of  Ibe  other  treiiiatodts,    H 

\vv>ti>  ia  Baaa  as  ■rvU  as  in  cats  and  dogs  (Kalsn- 

r«t*v     h  k!if\>wid  »ort  freqaently  in  the  lnnfS 

Ku)  ixx-^ts  al-<>  in  nXker  oceans:  the  jtleura,  brain. 

1.     \«.     ..         1  .       .  \v>'    '.ii<n4;-.ukl  Tall,  fwrilcuieam,   orbital  cavitr. 

■    ',      ,  '  ".    ,_"■*,     v.\xVnI    AtNiram.   **r.     In   tmA   case  it  ocoupio 

-.Jrti  :«rr^ak)#>d  by  newly  formed  W" 


'.z«u>r.a»ii  / 


s  orrasiofially  in  p;urs. 


i>iu  ■«  aw,"  V  !.«ad  afcw  in  the  bronohi.  Ibf 

^  .V  «  I.vtI  ^^-a  — *t>T™n'— 7  rhanges  (Kats>- 

.  V  r<<>Rv«*ii-  ^1   the  lane;  Bay  gi\-e  n»  ^ 

>.>'><.v  anc  ,.-;fe*w  ^MCk.     1^  aimber  of  hug' 
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flukes  luay  rnn  from  twenty  to  thirty  or  eveu  higher.  Healing  of  the 
disease  is  possible  after  death  of  the  parasite. 

Distoms  felineum  (Rivolta)  or  JHtioma  sibiricum  (Winogradow)  is  a 
flat,  almost  transparent  snckiiig-worm,  of  from  8-10  mm.  in  length  and 
1.5—2.5  mm.  broad,  which  is  present  in  the  bile-passages  of  the  cat  and 
dog,  and  in  a  few  countries  (Siberia)  has  been  obserxed  in  man.  Ac- 
cording to  Winogradow  it  is  the  most  common  parasite  in  Tomsk. 
Askanazy  recently  observed  several  cases  in  Konigsberg.  Tlie  sources 
of  the  infection  were  flsh  eaten  raw  (roach,  Lemiscu*  rutUus). 

The  inflammatory  proliferations  which  the  different  forms  of  distoma 
cause  in  the  liver  of  man,  as  well  as  in  animals,  may  be  followe<l  by  the 
development  of  carcinoma. 

In  Distoma  haematobium  or  JOOiarsia  htemtUobia  (Fig.  653)  the  two 
sexes  are  separate.  The  month  and  veutral  cups  lie  very  close  together 
on  the  tai>ering  anterior  extremity.  In  both  sexes  the  sextial  openings 
lie  close  l)ehind  the  ventral  sucking-cap.     The  male  is  i:i-14  mm.  long. 


The  l>ody  is  flat,  but  in  its  posterior  portion  is  rolled  tc^ther  to  form  a 
tube  (Pig-  553}  which  ser^•es  for  the  reception  of  the  female. 

The  female  is  16-1!)  mm.  long  and  nearly  cylindrical.  The  eggs  are 
an  elongated  oval  fFig.  554),  0.12  ram.  long,  and  possess  a  terminal  or 
a  lateral  spine,  .\ccording  to  obser\'alions  by  8onsino,  no  alternation  of 
generations  oceors  in   the  development  of  DMonut  hafnaioMHm.     The 
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part  of  iutenueduite  bo^  is  taken  by  small  cmstaeea,  into  w\ai.  :^ 
eilialed  enibrAii,  swimming  around  in  water,  bores  its  way  to  lttn.n& 
eiica}>siiUited  in  tbe  ti^t^mes  4if  its  bost.  It  is  therefore  probable  tlo;  tLi* 
infei^tiou  may  l^^  transmittt^  tbrougb  the  drinking  of  water  infefiri 
with  the  larvie. 

The  worms  are  foand  in  the  tmnk  and  branches  of  the  j*ortal  t<^  h 
tlte  splenic  vein«  me^^enterie  veins,  as  well  as  in  the  vessels  of  the  rectib 
and  bladder ;  and  may  pa:^  throng  the  inferior  mesoiterie  vein  isto  ti^ 
hiemi^rrhoidal  and  veskal  vHns,  the  veins  of  the  nr^er  and  prasQtr. 
and  by  chance  into  the  inferior  vena  cava,  and  th^iee  into  ^  \sa^ 
Their  eggs  ai^  dteitribated  therefore  especially  throughout  the  mittosa 
and  sutminco^  of  the  aivlers.  bladder,  and  rectum,  and  oocasioiiallyai»;> 
in  the  liver,  Inngss  kidneys,  and  prostate.  While  ^iil  within  the  nriiBirr 
pas&sag««i  the  cylindrical  embryos  (mirsM^idia)  covered  with  fine  dlia  but 


N     M 


FHS.5U. 
)    Male  and  fenude.  the  latter  Ijlmr  in  ttpna^ 

m.    ^Anrr  Lrarkait.)    a,  ¥^  witb  tenninal  ifbv:  ^<9 


develop,  Kavtulis  f^mnd  them  also  in  the  skin  of  the  leg  and  foot,  aii^ 
is  (tf  the  o|^ui«Hi  thai  the  infection  may  take  place  not  o^y  throngh  tk 
iiilft^i»\  bill  alsi^  through  the  ^^an. 

The  ttcp^^t  t^"  «^:jr^  nMi^««K^vere  inflammations  which  lead  in  part  to 
th«i«MM(k^rMct)^MA  and  in  part  to  proliferations  of  the  tissae,  which  ap 
|tear  in  the  miH>His  memtirams  as  papillary  and  polyi>oid  formations  ^ 
the  bhMKh^r  it  n^y  1<^  to  incra^ations  and  formation  of  coneretioas 
ami  al74i>  to  the  %)c\rK^\menl  of  tEbluloos  tracts.  In  the  liver  the  process 
lca«ls  to  a  ciHiuiMHi\^'ti7«4ie  indnnuion.  Following  the  inflaminutoTT 
|m>rc<^  a  tleveK^wienl  of  <:u>riiioma  may  take  place  in  the  bladder. 
T^miiMl  vei>iclcs^  i^n^e^aiew  and  in  the  skin  (^Kartnlis). 

The  )^rasite  is  found  aloitg  the  entire  eastern  coast  of  Africa,  and 
«>il>ii\  in  bulbar.  Tanis^  I  jike  Xyassn,  in  Beyrout,  and  in  Sicily.  ^\  ^ 
hh^  civmnnw  in  t^|M*  whcn^  abiHii  twenty-five  per  cent,  of  tlie  nati^t" 
|H%pnlalHMi  >nfler  i>x^ia  the  di<^?a^. 


Albarraa  t-i  B^rmatd   T.;nx ,.-  «•;» :  >  i  A  .*r  i  b  BiHttnuu    Arch,  de  m^.  ^^P  •  ^f^i 
A*oh«^  1  •-  V'^i*  ^-  l>«v:,^v»*  ia^*iyv»i>Uin.  m  tier  tnensrhl.  L**er.     Virch.  .^^ 

A^kaaa«T  ^^^'^'    '*  '.^»^-^>>  tv.rj^  M<-n>*fVr.,    CW.  L  Bakt..  xxviiL,  1900;  Xeudixk  ^^ 
St^hnMEM-     V'-i^,:^?,   i^   l.;.:tMfix:^':ir«5Ct«sp2Jch;<' de>  Lehere;gels,     Biol  Iw- ^'^ 
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Biermer:  Leberdistoma.    Schweiz.  Zeitschr.  f,  Heilk.,  ii.,  1863. 

Bilharz:  Distomum  haematobium  u.  Ver&nd.d.  Harnoigane.    Wien.  med.  Woch.,  1865. 
Bostrdzn:  Leberdistoma  beim  Menschen.    Deut.  Arch.  f.  klin.  Med.,  xxxiit.,  1883. 
Braun:  Die  Wohnsitze  d.  endoparasitiscben  Trematoden.     Cbl.  f.  Bakt.,  xiii.,  1893; 

Leberdistomen  d.  Hauskatze.     lb.,  xiv.,  1893;  Fiir  d.  Menschen  neues  Distomum. 

lb.,  XV.,  1894;   Die  tierischen  Parasiten  des  Menschen,  Wurzburg,  1903. 
Brock:  On  the  Bilharzia  Ha^matobia.    Joum.  of  Path.,  ii.,  1893. 
C?haker :  Etude  sur  Th^maturie  d'Egypte  caus^  par  la  Bilharzia  haematobia,  Paris ,  1890. 
Duffek:  Dist.  hepaticum  beim  Menschen  (50  Exempl.  in  Gallengangen,  Gallenblase, 

Magen  u.  Diinndarm),  Wien.  klin.  Woch.,  1902. 
Fritsch.  Zur  Anatomic  der  Bilharzia  haematobia  Cobb.     Arch.  f.  milkr.  Anat.,  xxxi., 

liv«. 
Goebel:  Bilharziakrankheit.     A.  f.  SchifiFs-  u.  Tropenhjrg.,  1903. 
Kaitulia:  Vork.  d.  Eier  des  D.  haemat.  in  den  Unterleibsorganen.     Virch.  Arch.,  99 

Bd.,  1885;   Pathol.  Anat.  der  Bilharzia.     lb.,  152  Bd.,  1898. 
Katsurada:  Dist.  spathulatum  u.  D.  Westermanni.  Beitr.  v.  Ziegler,xxyiii.,  1900  (Lit.). 
Leuckart:  Ueber  den  grossen  amerikanischen  Leberegel.     Cbl.  f.  Bakt.,  xi.,  1902. 
Loosa:  Zur  Lebensgescnichte  der  Bilharzia  haematobia.     Cbl.  f.  Bakt.,  xvi.,  1894; 

Treraatodenfauna  Aegyptens.     Zool.  Jahrb.,  xii.,  1899;  Cbl.  f.  Bakt.,  xxxiii.,  1892. 
Lntz:  Zur  Lebensgeschicnte  des  Distoma  hepaticum.     Cbl.  f.  Bakt ,  xi.,  1892. 
Meinecke:  Dist.  haematobium  in  d.  Blasenwand.    Jahrb.  d.  Hamb.  Krankenanst., 

v.,  1897. 
Odhner:  Distoma  crassum  (Vork.  in  Ostasien).     Cbl.  f.  B.,  Orig.,  xxxi.,  1902. 
Peiper:  Trematoden.     Er^bn.  d.  allg.  Path.,  vii.,  1902. 
Poirer:  Contrib.  h  I'histoire  des  tr^matodes,  Paris,    1885;     Xote  sur  ime    nouvelle 

espece  de  distome  parasite  de  Thomme,  le  distomum  Bathousi.     Arch,  de  zooL  exp., 

v.,  1887. 
▼.  Batz:  Leberegel  in  der  Milz  der  Schafes.     Cbl.  f.  Bakt.,  xxvi.,  1899. 
Biitimeyer:  Ueber  Bilharziakrankheit.     Mittheil.  a.  d.  Klin.  d.  Schweiz,  Basel,  1894. 
Schaper:  Die  Leberegeikrankheit  des  Haussaugethiere.     Deut.  Zeitschr.  f.  Thiermed., 

XV.,  1889. 
Schauinsland:  Embryonalentwickelung  der  Trematoden.    Jen.  Zeitschr.  f.  Naturw., 

x\±,  1883. 
Sckeube:  Die  Krankheiten  der  warmen  Lander,  Jena,  1903. 

Sonsino:  Discovery  of  the  Life  History  of  Bilharzia  IIsBmatobia.    The  Lancet,  1893. 
Ward:  Trematoda.    Ref.  Handbook  of  Med.  Sc,  2d  ed.,  1903. 
Winogradow:  Eine  neue  Distomaart.     Cbl.  f.  allg.  Path.,  iii.,  1892. 
Yaxna^iva:  Zur  Aetiologie  der  Jackson'schen  Epiiepsie  (Eier  von  Distoma  pulmonale 

im  Oehim).     Virch,  Arch.,  119  Bd.;    Ueber  Lungendistomenkraukheit  in  Japan* 

Jb..  127  Bd.,  1892. 


2,   Cestoda  (^TapewormH). 

%  191 .  The  tapeworms  oxe  flat- worms  devoid  of  mouth  or  intestine,  which 
increase  after  the  method  of  alternate  generation  throagh  the  germination 
of  a  i)ear-8haped  primary  head  or  Bcolex,  and  remain  united  to  the  latter 
for  a  long  time  as  a  (usnally)  long,  band-shaped  colony.  The  single 
segments  of  this  colony,  the  sexually  active  individuals,  or  proglottides, 
increase  in  size  the  more  widely  they  become  separated  from  their  place 
of  origin  by  the  formation  of  new  members,  but  outside  of  this  are  de- 
void of  any  outward  distinguishing  peculiarity/  The  pear-shaped  head 
or  scolex,  on  the  other  hand,  is  provided  with  from  two  to  four  suckers, 
and  usujilly  also  with  curved  claw-like  hooks.  With  the  aid  of  these 
clinging  organs  the  tax)eworm8  fasten  themselves  to  the  intestinal  wall 
of  their  hoj-t,  which  appears  to  be  invariably  one  of  the  vertebrate  ani- 
mals. The  scolices  develop  from  a  round  embryo  having  four  to  six 
hooks,  and  are  found  as  the  so-called  "measles"  in  the  most  diverse or- 
^ns,  cliiefly  the  parenchymatous  ones,  from  which  they  later  pass  by  a 
l»assive  migration  into  the  intestine  of  their  future  host. 

The  tapeworms  occurring  as  parasites  in  man  belong  to  different  families 
tlie  Tteniaflw  and  the  Bathriocephalidce.     The  first  occur  in  man  either 
as  "measles'*  or  as  tapeworms,  the  latter  only  as  tapeworms. 
4« 
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Fid.  Sae.— flegmeot  vl  TVenIa  m^tum  wlUi  fnllr  derelopnl 


Jon«luidlnal  enTMorr  inralt ;  n  i. 
'1,  loIutlUidlDBl  plaMiu-ipsaeJ ;  i. 
nlul  ducts:  r,  vu  dpfi-renii;  /, 
imiagenllKLii-.  A.  border  papilla ;  i. 
[in]ln-irlHiid:  m.  siieU-RUDd,  aod 


OTlducI 


Ttiti  aexual  appaiiitiu  consists  of  male  and  female  sexual  organs,  which 
lie  i?lo6e  ti^;etlier,  A  ntuuber  of  small,  dear  vesicles  sen'e  as  testicles 
(c),  they  lie  chiefly  in  the  anterior  poitioti  of  the  middle  layer  The  vas 
deferens  (e),  which  is  con- 
nected with  the  testicles  by 
the  seminal  ducts  (d),  emp- 
ie»  into  a  grooved  papilla 
iitaated  on  t£e  lateral  border 
».  The  coiled  end  (/,  g) 
ies  in  a  mnscular  bag  and 
iiay  be  protmded  throngh 
lie  sexnal  opening  {cirrus). 
The  female  sexual  opening 
ies  close  behind  the  male 
)rifice  in  the  same  sexnal 
loaca.  Thevagina(t)  leads 
hence  to  the  posterior  border 
if  the  segment.  Before  this 
s  reached  it  widens  into  the 
eminal  vesicle,  and  behind 
his  into  the  fructifying  ean- 

1  and  the  bo  calleil  "globular  body."  The  germ-preparing  oigaiis, 
rhich  most  be  sought  in  the  immature  segments,  consist  of  adouble  ovar>' 
k)  and  a  single  albumin  gland  (f ) ;  the.se  are  Nu;-like  or  tubular  organs 
Viogin  the  posterior  portion  of  the  Hegmeutand  communicating  with  the 
kihoJar  body.  The  latter  is  joined  to  the  anteriorly  located  uterus  («), 
'hich  at  the  time  of  sexual  maturity  forms  a  straight  canal.  When  the 
£St8  enter  the  nterus  from  the  globular  body,  in  which  they  pass  their 
rst  stage  of  development,  the  above-mentioned  lateral  branches  spront 
ut  and  become  filled  with  eggs.  During  this  process  the  remaining  sex- 
al  organs  disappear. 

The  cortical  Jayer  of  the  proffJotHden  is  essentially  muscular  in  uatui'e, 
ut  in  addition  contains  a  larger  or  smaller  number  of  so-called  calcareous 
odies,  which  are  not  entirely  wanting  in  the  middle  layer  as  well.  The 
luscolatnre  consists  of  smooth  fibres,  which  form  special  groups  in  the 
ickeis  of  the  head.  The  surface  of  the  tapeworm  is  covewKl  with  a 
clear  cuticle,  which  forms  the  hooks 
on  the  heads. 

The  effgH  in  the  ovary  are  thin- 
skinned,  pale  and   yellow,    nearly 
globular  ct^lls.     In  the  utems  they 
change  into  yellow  balls  having  a 
thick,  more  or  less  opaque  shell, 
covered  with  closely  set    spicules 
(Fig.  559,  a).     The  latter  is  often 
Kurronndcd  by  a  second  layer,  an 
albuminous   envelope  {b)   limited 
by  a  membrane;  and  in   it  there 
are  embedded  granules  (primitive 
vitelline   membrane).     The  diam- 
er  of  the  eggs,  not  including  the  vitelline  membrane,  is  about  0.03  mm. 
The  thick-idielleil  spheres  are  not  undeveloped  eggs,  bnt  contain  an 
obryo  with   six  booklets.     An  intra-nterine  development  of  the  em- 
yo  therefore  takes  place,  the  ripe  segments  are  pregnant  animals. 


na. -ViO.^Ein^arTVimtaMUiim.  b.Wia>|irfntl- 
e  TluillDeiiiemlmoe;  a.  wUboM  prtrntllia  flr"'- 
«  menibnne.    (After  Lenekin.)     X  300. 
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The  further  development  of  the  embryos  euclosed  iu  the  brownish  shells 
takes  place  ordinarily  Jn  a  oew  host.  Should  they  gain  access  to  the 
stomach  of  a  hoff,  the  egg-sheU  is  dissolved,  and  the  embryos,  thus  set 
free,  penetrate  into  the  stomadi 
or  intestinal  wall.  Thence  they 
pass  either  by  the  blood-stream 
or  by  an  active  migration 
throngh  the  tissues  into  this  or 
that  organ.  Having  reached  a 
resting-place,  the  embryos  nn- 
dergo  various  metamorphoees 
and  become  changed  inside  of 
two  or  three  mouths  into  a  <Tpi 
filled  with  semm  (Fig.  560).  the 
inner  wall  of  which  ^oots  forth 
into  a  bud  from  which  there  de- 
velops a  new  tapeworm  head,  a 
acolex,  as  well  as  a  sac  enclosing 
the  same,  a  receptaeKlum  acoUd*. 
The  cyst  containing  a  tape- 
worm head  is  known  as  a 
"  measle  "  or  cystlcercus  cdl- 
uloSK.  TbescoHoes,  when  folly 
developed,  pc^sess  a  circle  of 
hooklets,  suckers,  a  water-vas- 
cular system  and  nomerotts  cal- 
careous bodies  in  their  l)ody- 
parcncbyma.  If  they  g^n  access 
to  the  human  stomach,  the  cyst 
is  dissolved,  and  there  develops, 
throngh  the  formation  of  seg- 
ments from  the  scolex  {Anau), 
a  new  chain  of  prc^Iottides,  a 
new  Temia  solium. 
Fw.  soL-cmtterrt  oi  tbe  Titnia  miiun,,  u  tt»  epi-  The  Tcenia  solium  inhiOtUg  Oie 

MniiuintDiiiDTocaTdiumoiiboit.  gj^u  inte^ine  of  man,  and  is  ac- 

quired by  the  eating  of  uncooked 
pork,  since  the  "measles"  belonging  to  this  parasite  occur  almost  solely 
in  the  hog  and  in  man.  By  means  of  its  sucking-cups  and  its  circlet 
of  hooks  it  clings  firmly  to  the  mucosa  of  the  intestine ;  the  remmning 
portions  fioat  freely  iu  the  iutestiue.  Usually  but  a  siugle  parasite  is 
present  in  the  iutestiue,  although  the  preseuce  of  several  at  the  same 
time  is  not  rare.  Occasioually  as  many  as  thirty  or  foity  have  been  ol>- 
served  in  one  individual.  They  excite  irritation  of  the  intestinal  mu- 
cosa, colic,  and  refies  disturbances  of  the  central  nervous  system. 

The  "  measles"  occnr  in  the  tissues  of  the  hog,  sometimes  singly, 
sometimes  in  great  nuinbers  (Fig.  6(>1);  and  individual  organs,  as,  for 
example,  a  muscle  or  the  heart,  may  be  thickly  studded  with  tbem. 

In  man,  ci/duxra  occur  iu  the  most  varied  tissues — the  muscles,  brain, 
eyes,  skin,  etc.  In  the  meninges  and  in  the  brain  the  measle  may  ajh 
pear  in  the  form  of  mulberry  or  grape-like  collection  of  cysts,  known  aa 
eggtioercttS  racemosus  (Zenker).  The  cysts  are  for  the  greater  part  sterile, 
though  some  of  them  may  contain  a  scolex. 

"nie  importance  of  the  measle  depends  upon  its  location,  but  is  in  geu- 
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eral  slight.  Its  presence  in  the  brain  often  cauBes  severe  distiirbaiieeK, 
bat  in  other  cases  all  signs  of  disease  may  be  lacking.  Locally  it  ex- 
cites a  slight  inflammation,  which  leads  to  a  thickening  of  the  connective 
tissue  in  its  immediate  neighborhood.  The  cyst  may  retain  its  vitality 
for  years.  After  the  death  of  the  scolex  the  cyst  contracts  and  there  is 
deposited  within  it  a  chalky  mass.  The  booklets  are  preserved  in  this 
mass  for  a  very  long  time.  Irtfection  with  the  "  measles  "  follows  the  in- 
troduction of  eggs  or  prt^lottides  inio  the  stomach  of  man. 

Tsnla  mediocanellata  or  sasinata  sur- 
passes the  TfBnia  solium  not  only  in  length, 
as  it  measures  4-7  metres  and  more,  but  also 
in  its  breadth  and  thickness,  as  well  as  in 
the  size  of  the  proglottides  (Fig.  5(!2). 

The  head  is  devoid  of  rostellum  and  circle 
of  booklets  (Fig.  56'-i),  has  a  flat  crown  and 
four  lai^,  powerful  suckers,  which  are  usu- 
ally surrounded  by  a  black  border  of  pig- 
ment. 

The  egffS  resemble  those  of  Tcenia  solium. 
The  fully  developed  pregnant  uterus  (Fig. 
564)  has  a  lai^  uumt^r  of  lateral  branches 
which  run  close  to  each  other,  and  instead 
of  branching  dendritically  divide  dichotom- 
ously.  The  sexual  opening  lies  back  of  the 
middle  of  the  lateral  border.  The  s^;ments 
discharged  spontaneously  are  for  the  greater 
part  empty  of  eggs. 


rio.  582.— Portloni  ot  B  Treiila  taginala. 


Fia.  Sni.— geemeD 


The  "measles"  are  found  usually  in  the  muwlcs  and  the  heart,  more 
rarely  in  the  other  organs  of  cattle  {CystieprcKs  bovia).  They  are  somewhat 
smaller  than  tlui  measles  found  in  pork. 
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The  tleteiopmriU  follows  a  coarse  similar  to  that  of  Teetda  wUwkl 
Half ormat ions  of  this  tapeworm  are  of  very  frequent  occnirenoe. 

The  parasite  is  acqniivd  by  man  through  the  eating  of  raw  beef.  It 
has  not  been  definitely  sett  led  whether  the  ^^  measles  "  of  this  worm  oeeor 
in  man,  bnt  some  anthons  ( Amdt,  Heller)  believe  that  soch  an  oecar- 
renre  does  take  place. 

By  means  of  its  powerful  suckers  the  parasite  is  able  to  cling  veiy 
finuly  to  the  intestinal  walL  Stieda  has  observed  a  case  in  whidi  a 
t«uia  15  cm.  loi^  had  penetiated  through  the  wall  of  the  duodenum  into 
the  pancreas*  and  had  caused  tissue-necrosis  and  hemorrhage  in  its 
neighboriiood. 


or  cMptica  i^  15-90  cm.  kng,  and  ponocBOca  a  bead  witb  r» 
tellum  ami  ctirle  ot  bunklHs.  li  »  of  Terr  firqucnt  occorrence  in  doga  and  eatt,  bnt  is 
larp  in  nwa.  its  cysticgfcoid  inhabits  tbe  kmae  and  flea  of  the  dog,  more  laiely  the 
Ant  of  bttman  Nna^  {^vnumt 

Tmmim  ■■■••  a  ssall  taprwonn  of  from  S  to  15  nun.  in  kngtb,  has  a  head  with 
four  suckers  and  a  Hirle  of  booklHsL  It  has  bcca  oteenrcd  cbiefl  j  in  Egypt  and  in 
Itahr.  A.  iynum  wns  sbW  to  obtain  seT^ernl  th<mwnitF  of  specinmis  from  two  Siciltais 
wbi>  bad  svllcffrd  fran  sttvup  nprToa&  detmbaBCOL  According  to  his  investigatkias, 
the  tarfltts  pns9p$  it!^  entiie  devcinpMt.  tnmk  tbe  caibfTO  on,  within  the  same  host 
limfmti  (Remtinviti  R.  Utituto  Lnaibardo.  xtsl,  ISt^  found,  at  the  aatopsj  of  a 
voosg  Bun  from  nortbrtn  Italy,  great  anBhoa  oC  Tn%m  mmwta  in  the  lower  portion  of 
the  iV«ua.  In  GemanT  it  has  bemofasrrfvd  in  oalra  few  cases  (Jfifrfmn,  Leid^tenttem, 
^-^ 

Txaia  dtatarta  ylif^LS  or^nfpvMia  (  Wtalsa^w  mamim^  {Gram)  is  a  tapewonn, 
long.  aB(i  iKft»  a  brad  witbovt  booUrts.  It  is  of  ooounao  occuirence  in  nts 
aad  Mkv.  aad  has  abo  bwa  obBgfT<d  la  a  few  eases  in  ■■&.  Jkeoording  to  Gram  and 
ibMdk  tbe  ■wasies  hTr  in  a  small  bottcsilT.  as  well  as  in  bnrCks. 

r^^  Li  9^"^  kfts  TvortitiT  tvscribnl  as  Tcala  Mrtcnaa  a  large  tapewonn  with 
scviex de^^  of  bi^>kWt^  wbkrb  be  obaerTrd  aaacaig tbe  negroesof  Gennan  East  AfrioL 

Resales  tbc«e  wbirb  also  crcur  in  ■»&.  tcaw  aie  oC  ficqnciit  oociirrenoe  in  t&e 
^•■HStic  aataiii^  bocb  in  tbe  carsixxcm  aad  in  bM!^  as  w«fl  as  in  the  heriNToia. 

r* > i^«  ■k^'Ti'i'jf 4  of  tike  d->jr  K  a  tapta lam,  1-S  m.  bng,  proTided  with  a  doufaV 
riirV^^I  bwvkVrt^jv  U^cy^Vvr*: -<f  ■— a  cT-<»f[jrtifuniii  'inkmieMiu)  of  vaiying  size 
in  ars!  «?>  ^r  tb*  *  r  .u<:  -:■  •-saSri:*'?  *-  *  <ti^  t^,  canle,  gnats;,  aad  bc^s. 

r^ » /j  j^*-^-- 1  K a  t« r.ia  f  -.:;»1  a  tl«*  6:r.  Ii  K"5A-llia can.  long,  and  possesses  a 
ciTvVi  *>f  btx^iirtsw     Tvr  o-Kxienii  ^rfi^i^r^wf  fimif^'^mi*)  are  found  in  labbiis  ami 


>.ir\Sv 


r»'^fM  v%»T»  -^3 1«  a  ta;*ewccs  cf  li*  dr.  4a-i<#c»i.  k«ig,  and  is  provided  with 

biv^tWr$w    It  paj&!«r<L  irs  cyssir  si^r*  5>v«  fr^jjut^T^  in  shfrfi,  wliere  it  seeks  tbe  central 

iKOVMSS  5>^$<rai  axid  i  rsss  ry«c$  x^tinrizr  iz  ?:ii*e  ti\«i  ibsi  ctf  a  aiUet  seed  to  that  of  a 

Wa^s   *xi»    wixa   o  7'>«^  rnnas   stcS^rs   of  ac»:cir**.     Its  pTcstAce  in  the  Isaiii 

^,M  »» '^ji  >  -v-X"^^  .>'  c '^  '<  rwe  : '  ":*e  sa-^-ctklVi  ~ s%ai:,rrr(  '*  i4.  siki^p. 

r>  •  -.J  tTfc  •  \»:»    .i»-^>  v-."^  >  c  £  ..  JV»  .A  •fctfw  Tictt*  1-4  na.  )  'iigV  and  Tend<i  peffi- 

4  siA    "$>-?4*  <  rs^  y  .J  i'  a^  Ti-  o  <9r.in:c  taj*  w,  no*  -f  canie*     Funber,  still  other  fc«nB9 
*'4[  Tsvar  vw*urT>  ">.  rk'v'x  *>>  pk.'-a?:?*:!.  in  «4k^t  j»'i-  catT>- 


v\'=s:  %S;>  7n-ij:«r-n:  ::v   Pw-^  :SS^  rrf.  OC,  1  Bkkt.«  xvii^  ISB^ 
l:  i'*»s>.im.:>»rj«  I  j.ir?tej  -1^«*  >«•-  Tataoa  sax.  t  Taenia  $••!,    0»L  f^BUit., 

v  >^: .  :^«aiv 

W^    >'^. :  •  ».  V     .  •  ^'^  -  k\:^  -  n  T^riai  r  ;>.'irt>»rrra-     IK.  iv..  1^**, 
lllaHili    ^  «^  Ifciwfftf.^,  S..   f.U')(*nvti.c   F«'m:^us»c  aaCr<aodf«.    Clrf.  f.  Bskt^  ^ » 

<hiUM«MMi'  «,>'*/-)..;.  ^--vMr  K  :-t^'.    vi-.i  A-^-i^  iiaM..  is». 
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Weinland:  Human  Cestodes,  Cambridge,  1858. 

Zschokke:  Studien  Ober  den  anatom.  u.  liistol.  Bau  der  Cestode.  Cbl.  f.  Bakt.,  i., 
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S  1J>3.  The  Taenia  echinococcus  liven  in  the  intestinal  canal  of  the 
ilt>f^.  It  is  4-5  mm.  long  and  possesses  only  four  segments,  the  most 
]>osterior  of  these  surpassing  in  length  all  the  rest  put  together  (Fig. 

The  small  hookletshave  coarse  root  processes  and  are  implanted  upon 
u  rather  bulging  rastellnm.  Their  number  runs  from  about  thirty  to 
jifty. 

The  cyst-worm  (hydatid)  alone  is  found  in  man.  It  n^sults  from 
the  introduction  of  taenia  eggs  into  the  intestinal  canal. 

If  the  embryo  wanders  from  the  intestinal  canal  into  any  oi'gan,  it 
changes  into  a  cygt,  which  is  not  capable  of  active  motion.  It  consists  of 
:iii  outer  lameUfUed,  very  elastic  cuticle  (Fig.  566,  a)  and  a  pai^nchyma- 
trms  layer  (b)  lying  internal  to  this,  consisting  of  granular  msisses  and 
rrells,  and  containing  muscle-fibres  and  a  vascular  system.  When  the 
cyst  has  reached  about  the  size  of  a  walnut  (sometimes  earlier),  there  are 
fnrme<l  from  the  parenchymatous  layer  small  hroad-capsvies  (c)  which 
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]imdiMy  m  grwi  diiiuImt  4^"  MwKmL  Tbe  firrt  Hi|.i  <rf'  Ah»  taperMm 
b«ub<  ouDHKlh  uf  <K«n«e'Iy  frasnlar  |iii<ii|iliiMiii  mifiirr  f^i  lyiBE  i"  *^ 
vidl  Hf  ibe  linMid-aqtHole ;  tfaew  devciiip  fartlwr  and  sIk'T 
oirititw  {'I  otnunnnHstinfr  vitt)  tlv  rsTitx  of  tbe  bnh^i- 
miwolp,  and  laif  r  Iwcutw  diffta^ttal^d  iido  k  U|KVorvi  bn<t 
~i  famiNbed  nitii  a  <>m-)e  <tf  faoi^ku.  7^  head  (i  >  vbirb 
w  pnilnidt^  iuio  Ibe  iDioeii  <rf'  tbr  brood-esp^ole  'X  '^J  i-' 
i^HiDi  (t.;{  mm-  louf;.  ]»otwi-flwci.  a  rratf^llnm  villi  nnll.  pliiiiii< 
iHKitlftK,  fiinr  Nit^*'jii.  a  iraSer-vaanilar  ^r!<e^  and  niiBien«> 
flh&lliv  tKidieti  in  it^  psrRDcJiyina.  FreqoeDtlj"  tbe  aateriiT 
part  (tf  the  Uidv  i^  li-liw-ojied  imo  the  puiaerktr  psrt  (yl 

lu    manr  cat*-*-  llf  ffrtiiwTCl    <7St  lyainf.  stofle. 

lit:  «fu]y  riiaiif:*-  niDKMit^  in  an  ealu^fneat  to  tbr  sze  of  an 

4inin{!*-  <ir  fii4.  thninf^li  ibe  ftirmatkni  of  ntw  brtxid-capfialo 

aud  tifMbv     TiH-  »nirniaiiding  tJsBoe  forms  a  roIlnertiv<^-ti.■«k■ 

f«psul<*.   ill  n-iiiii  III*  (■iiti<-nlar  ry-a  lies.     Tbe  faritT  of  thf 

r>-st   i?>  fillf^    viih  B  rlntr  fluid,   viiicli  does   d«  coagnlalr 

1^3  ^      liintiurL  )>i)ilinf:  (ir  <ai  tbe  addition  of  wads,  and  rontains  nom' 

US^      iir  Itoi   linh-  alhsmen.  but  on  the  other  hand  dues  contain 

^^        MMliinu  riiliiri(l<%  ralciiiro  oxalate,  triple  [dHv^thate^  mie  acid. 

Tih  ^-   »>nc»r     in  tW  Incri.  aud  oft«i  al«n  cbcdei^erin.     The  brond 

^wlitonnn.-   (*i4>!iuh'^  an-  »Jwa;i's  aitnat*^  ou  tbe  inner  surf  are,  in  rat^r  tbei 

nwu.      ti    lUT  n>d  lurcduuuraUT  dislod^jed ;  and  are  \isiUe  throogfa  thv 

c  iTaut^tan-Di  ^larrnc^yma  ac  small  irhite  pcant&.     OocasioiiallT 

the  r»"!fl  TTOiutiitf-  taerile, 

lb  many  fawn-  ^am^ti^K'-^yss  i~Fip.  56^  c)  are  formed.    Their  de 

A-r1i>]iiUfiii  )tr«t<nsly  Hi  the  df^iih  of  the  mticle  independently  of  tbe  real 

panutrtiv-BuHioe-  layt* r,     Betwetai  fro  laawellg  (rf  Xbe  onliele  there  arise? 


in— iinnd  TbrBM-lTYt&  v^h  a  entkle.  xdA 
tnw  <M  »c  hn-*-:^  As  tbe  nmaher  "f 
p  f  fear- 
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If  the  danghter-cfste  grow  they  bulge  out  the  wall  of  the  mother-cjst 
like  a  hernial  sac,  antil  it  finally  gives  way  and  liberates  its  coutents. 
If  tliey  DOW  pass  ODtward  by  the  side  of  the  parent-e>-st,  they  obtain  from 


the  parenchyma  in  which  they  lie  an  external  capsule  of  connective  tis- 
Kue,  and  then  produce  brood  capsules  in  the  same  maaner  as  the  primary 
cysta  arising  from  the  six-hooked  embrj'os. 

An  echinococciis  with  an  exogeiuma  proliferation  is  coiled  echinococcus 
Sfranuloaus  (gcokcipariens  Kuchenmeister),  or  sometimes  also  echinococ- 
cus  veterinorum  from  the  fact  that  it  is  of  frequent  occurrence  amoi^ 
the  domestic  animals. 

A  second  compound  form  of  the  echinocoecus  is  the  echinococcus 
hydatldosus.  It  is  characterized  by  the  presence  of  inner  dawghUr-cgtls 
(Fig-  567,  c).  According  to  statements  made  by  Natinyn,  and  also  con- 
firiiied  by  Leuckart,  the  scoHces  and  brood  capsules  undergo  a  cystic 
metamorphosis,  and  so  become  changed  into  daughter-cysts  which  occa- 
sionally produce  grand -daughter  cysts.  Through  the  formation  of  numer- 
ous daughter-cysts  the  chief  cyst  may  attain  a  very  large  size. 

The  infection  of  man  follows  the  ingestion  of  the  eggs  of  the  teenia 
which  occurs  in  dogs.  The  cysts  are  most  often  fonnd  in  tlie  liver, 
but  the  echinococcus  occasionally  occurs  in  the  most  diverse  organs — for 
example,  in  the  lungs,  spleen,  kidneys,  intestine,  in  a  bone  or  in  the 
heart.  With  the  exception  of  the  disturbance  of  the  tissnes  from  press- 
ure and  of  the  local  inflammation  which  it  causes  (the  latter  leading  to 
the  formation  of  a  connect  i^'e-tiasue  capsule  in  many  organs)  the  cyst  often 
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produces  ut>  luiniifnl  effects  apoD  tbe  affected  individiuil.  It  often  <lin 
on  atttuniug  a  certain  size  (that  of  a  walnut  to  that  of  an  apple).  Ibr 
fiuid  is  absorbed,  the  c>'8t  i.>oDlracts,  and  tliere  remains  within  it  a  fanv 
rheeey  detritus,  which  often  e-alcifies  to  a  mortar-like  mass.  The  hmik 
leta  are  pretsened  for  a  verj'  long  time. 

In  other  rast«  the  echinococcns  becomes  lar^r,  particularly  vbru 
endogenous  or  esi^^'nons  danghter-cysts  develop.  It  may  beewue  dao 
Keron»  through  its  size  alone.  Severe  inflammatiMis  are  oeeaaouU; 
produced,  particularly  after  trauma  or  after  rupture  of  the  cyst  into  oar 
of  the  body -cavities.  Kuptnre  into  a  blood-vessel  may  also  occur  asd 
lead  to  the  metastasis  of  cy^s  and  an  embolic  blocking  of  vessels.  In  man 
luvorable  cases  rupture  may  take  place  externally  or  into  the  iutMtiiif& 

The  spontaneous  spread  of  bmoil-mpsnies  awl  scolices  in  the  sane 


host.  iu>  well  as  the  experimental  transplantatioa  of  the  same  into  aoufbrf 
host  (Aiexiosky.  rV\  e)  may  lead  to  the  formation  of  new  cySi 

The  form  of  the  panisite  known  as  ccUooobeob  alvulub  of 
Vttltilociilaris  pretieuts  itselt'  a»  a  hard  tumor,  situated  Dsoally  is  thr 
liver.  rarely  in  other  or^.uu4  (brain,  spleen,  adrenal  t.  and  ptMsesA^  U 
alveolar  strm'ture  (  Fig.  ">W*),  in  that  a  firm,  dense  couneetive-ti»w  i»* 
encloses  numerons  cavities.  Its  coiU«nts  are  translucent  ;um1  peiai^f*^ 
or  consist  o(  tluid  and  a  ^latinoos  substance.  The  cavities  are  in  pu^ 
spherit-at  and  in  part  irregular  in  shape.  I'soally.  through  the  .■*'ft 
ening  and  disintegmtiou  of  the  pareuchyoia.  nlcer^tfive  eavitie^  K,' "* 
formed.  In  other  places  the  tissoe  is  tibroeuseot&<.  neenttie  or  rahrifivii-  •< 
is  im.pregDated  with  bile.  At  times  the  caseation  of  the  probieratiiM:  r..- 
sue  is  the  most  pnimiuent  feature  of  the  procet:^;  at  other  timesibf  ^''■^ 
olar  structure.  Wheu  the  development  of  the  Ln>loaies  hx-  prtiptwi 
further,  tttere  appear  iu  the  tissue  grav  and  yellowish  nodules  (J^'  inrtirt 
cavities  containing  eoILoid  plugs  (ctudn-cysts  and  coil^)  are  dev»<»p^ 
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The  exquisite  alveolar  structure  has  given  rise  to  the  theory  that  this 
form  of  fM^hinococeus  is  an  alveolar,  coUoid-containing  tumor  of  the  liver. 
Virchow  first  recognized  the  true  nature  of  the  condition,  and  demon- 
strated that  the  so-called  colloid  masses  were  echiuococcus  cysts. 

According  to  the  investigations  of  Melnikow-Kaswedenkow  the  alve- 
olar echiuococcus  is  to  be  regarded  as  a  different  species,  which  increases 
in  the  tissue  of  the  host  in  a  peculiar  manner,  suggesting  the  mode  of 
development  of  the  Trematodes;  and  in  many  case^  spreads  by  both 
hsematogenous  and  lymphogenous  metastases  from  the  primary  focus  of 
development  to  other  organs  (lymph-glands,  lungs,  brain). 

Should  the  alveolar  echiuococcus  occurring  in  any  organ,  as,  for  ex- 
ample, in  the  liver,  encroach  npon  the  neighboring  tissues,  there  are 
found  in  the  latter  finely  granular  multinucleated  protoplasmic  stmct- 
iires  surrounded  by  granulation  tissue.  Later  sinall  chitinous  cysts 
develop  or  a  folded  membrane  studded  with  granular  masses,  while  the 
^rannlation  tissue  becomes  changed  into  fibrous  connective  tissue.  The 
majority  of  the  cysts  remain  sterile.  Scolices  develop  only  in  a  few. 
Ovoid  granular  structures  with  a  thin  membrane  may  be  fonned  and  are 
li'garded  by  3Ielnikow  as  embryos.  The  chitiiums  membranes  which  lie 
in  the  granulation  tissue  ara  often  surrounded  by  giant-cells. 

The  life-history  of  the  alveolar  echiuococcus  outside  of  the  paren- 
chyma of  the  organ  is  unknown ;  the  feeding  to  dogs  has  given  no  posi- 
tive results.  It  apx>6ars  that  the  embryos  and  scolices  of  the  same  are  not 
capable  of  development  in  the  intestine  of  the  dog. 

The  ordinary  echiuococcus  is  widely  distributed,  though  not  very 
common.  It  is  of  most  frequent  occurrence  in  Iceland,  where  the  inhabi- 
tants live  in  very  close  association  with  dogs.  The  alveolar  echiuococcus 
has  been  observed  chiefly  in  Switzerland,  South  Germany,  Austria,  and 
in  Russia. 
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Oatertag:  Ucb.  J.  Ech.  multil.  bel  Rindcro  u.  Scliwiioeii.    Deut,  Zeftschr.  f.  TIimt 

nio<l.,xvii.,  tatW. 
F«iper:  Tierigcbe  Parasiten.    Ergebn.  der  allg.  Path.,  vii.,  1902  (Lit.)- 
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Hiemaim;  KcliiizerBtrcuung  d.  Echiaococcus.     Beilr. 

V.  BniDB.  xxiv..  1899. 
Bonunera ;  Statiatlca  on  £chincKx>ccuB  Disease  id  tbe 

United  Stales.     N.  Y.  Med.  Journ..  1896. 
TaclunArke:   Beitr.   z.  HisUilugie  des  EdiiDococcus 

nmltilucularia.     Inaug.-Diaa. ,  Freiburg,  1891. 
Vierordt;  Abliandlung  Dber  den  multiloculSren  £chi- 

nococcuB,  Freiburg  i.  B..  ISBIf. 
Vircbow:  Verb.  d.  phjB.  med.  Gea.,  vi.,  WOTzburg, 

1B55;  Vircb.  Arch..  6  Bd..  1864. 
WUma;  EcbiDoc.  miiltiloc.  d.  WirbelsAuk.    Beitr.  v. 
Brans,  xxi.,  1898  (Lit,). 

§  ld4.  Bothriocephalus  latus  (Bremeerj 
or  pithead  is  the  mo»t  formidable  tapeworm 
of  mail,  measuring  from  5-8  metres  in  length, 
and  consisting  of  tliree  tliousaiid  to  four 
thousand  short  bnt  broad  segments  (Fig. 
5fl<>),  which  are  broadest  in  the  middle  region 
and  narrower  again  at  the  end.  The  length 
of  the  largest  segment  is  abont  3.5  mm.,  the 
breadth  abont  10-12  mm. 

The  head  (Fig.    570)  has  a  long  oval  or 
club  shape,  is  about  2.5  mm.  long  and  1  mm. 
broad.     It  is  somewhat  flattened,   and  pos- 
sesses on  each  lateral  margin  a  slit-like  de- 
pression, and  is  mounted  upon  a  filiform  neck. 
The  lK>dy  is    thin    and  flat 
like  a  ribbon,  with  the  exception 
of  the  central  parts  of  the  seg- 
menta  Which  project  somewhat 
outward.     At  this  spot  the  uter- 
us is  found,   in  the  shape  of  a 
single   canal,    which    forms   a 
number  of  coils  (Fig.   571,  »)• 
When  the  eggs  collect  here  in 
great  numbers  the  lateral  coils 
of  the  uterus  arrange  themselves 
in  folds,  so  that  a  remarkable 
rosette-like  appearance  is  pro- 
duced.    The  sexnal  openings  lie 
in  the  middle  line  of  the  ventml 
surface,    near    to    the   anterior 
border  of  the  segment,  the  fe- 
male orifice  (o)  being  close  behind  the  male  opening  (/), 

The  ovary  (g)  is  a  double  organ  which  lies  in  the  middle  layer;  the 
yolk-chambers  (ft),  on  the  other  hand,  are  located  in  the  cortical  layer. 
The  shell-gland  (A)  lies  behind  the  collecting- tube  (/)  of  the  yolk-cham- 
bers. The  testicles  consist  of  clear  vesicles  (b)  which  lie  in  the  latenl 
portions  of  the  middle  layer,  and  communicate  by  means  of  fine  canals 
(c)  with  tbe  vas  deferens  (d),  which  tenninates  in  the  cirrus-sac  (f,  /). 
The  eggs  (Fig,  572)  are  oval,  and  are  about  0.07  mm.  long  and  0.045 
mm.  broiid.  They  are  surronnded  by  a  thin,  brown  shell,  the  anterior 
pole  of  which  forms  a  sharply  outlined  cap-like  cover. 
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Tne  Bothriocephalus  latus  occurs  chiefly  in  Switzerland,  in  the  iiorth- 
ettstei-u  parts  of  Europe,  in  Holland  and  in  Japan,  and  lives,  as  does  the 


FiQ.  .i7L-M«dlU|ii)itloiiormpnwlatUio(Bn(hrli)c<ph«iItula(iH.»M]Ironi  tbedonalnir&ce.  Tin 
onksl  l*jer  of  Ibe  avsmmt  tiu  been  removpd  eioept  ■  bunler  oa  «cb  itde.  and  Uie  mliMle  biyer  ttiua  ex- 
putHl.  <An«r3Dinnm'.)  a,  I^ien]  raaela :  f h  mtlrular  T«sirk« :  c.  Irstlrulu'wiiillrull :  iI.Kinlnal  dude: 
r.  poM^rior.  /,  inlertur  hollow-nmirle  apianiluii  (rlmu-MC  ol  tm  dererem) ;  g.  o\mrj :  h.  jolk-chunbe™ 
iTlns  Id  [be  mrUcal  arvai  1.  collerlhig-diicl  ot  jtalK-HaJli,  bruirb«<  of  vhlch  Irwl  rpntnllT  lo  Uw  TOlk- 
rnunbcra;  h.  staell-tiUnd;  I,  betrlnning  of  the  ul«ni>:  m.  loop  oC  utenu  OIIhI  wllb  egss.  ibe  urUlis  vt 
uii'Tiis  QiMoIng  on  [beaDlvrkirsurfarp;  n.  raglna;  'i,  vafflna]  opCDlng.    X  3^ 

TiBnia,  in  the  small  intestine  of  man.     According  to  Bollinger  it  is  rather 
frequent  iu  Munich.     The  first  stage  of  development  of  tlie  eggs  takes 
l>\w:e  iu  water.     After  the  lapse  of  months  there  develops  an  embryo 
( Ottco»pht€i-a)  armed  with  six  booklets  and  covered  with  ciliiB(Fig.  573). 
This  develops,  in  some  intermediate  host  as  yet  unknown,  into  a  measle 
{PterocermUl),    which,   according   to  the 
investigations  of  Brann  in  the  Russian 
Uiltic  provinces,  seeks  out  as  second  in- 
It-rmediate  host  the  pike  or  tadpole,  and 
tievelops  in  the  muscle  or  internal  organs 
'if  these  animals  into  a  ftexless  tapeworm. 
According  to  Grassi  and  I'arona,  the  mea- 
sle of  Bothriocephalus 
liitug  iu  Italy  occurs 
ill  the  pike  and  in  the 
river-perch.  InJapan 
it  is  found  most  fitv 
'lUently  iu  the  Oncho- 
liignckui  Perr!fi(Jjiian, 

I^'iickart).    Zflchokke 

f'laiid  it  in  the  Lake  ''^-  sre.— Eim  of  Bnthrlntxphalui  ladu,  tbe  one  at  the  Hgtt 

UH.1  It,   111   lut    jjan-v       bavlngheen  empOedoflWyott-jMilenta.      (After  Leucl:«1,> 

If  (geneva    mthcfol-  ^,^^,3^    P™een,br7«ota«lfto«pAaJ«-!a.u,wltbcm.ted»^ 

lllTing  forms  of    fish:      yelope.    Uner  LeucUn.) 
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Loia  mJt/Hf'iSy  P^mr  jturMUiM^  Snlmo  vmbf^f.  EfffMr  Imriwf^  Tnttta  m/^i-it. 
and  Tmtta  laeuMt'iH^  It  is  foand  luoest  often  in  the  tadpole  (^LoifH  nil- 
garin)  and  in  the  perch  (^Ferra  JiuchtiilU).  Shonld  the  measle  gain  eu- 
trani*e,  through  the  ingestion  of  the  lish  mentioned,  into  the  intesrimil 
canal  of  man,  it  again  attains  sexnal  maturity.  Acc«>rding  t«>  Bmnii 
and  Parona  the  measles  may  also  be  brought  to  development  in  both 
d<^  and  csitH.  The  presence  of  Bothri4)cephaln:»  in  the  inte:stine  give- 
rise  to  a  gradnally  increasing  aniemia,  which  resembles  pernieiooai 
amemia.  The  diminntion  of  the  red  bloo^l-cells  and  of  the  h»ni«^ 
globin  content  of  the  blo^^i  is  pn>bQbIy  due  to  the  ^-t  thiit  after  tb*- 
death  of  the  tapeworm  pois«>noas  products  arise  having  an  injnrions 
action  upon  the  blood -ct>rpuscles. 


(Leuck&rt)  Is  a  tapeworm,  of  80-113  cm.  lon^.  and  ki> 
a  heart-shap«il  heiuX.  wht^tse  sucking-grooves  are  fiatteiied.  The  bivadth  of  the  ript- 
sea:ments  is  about  T-S  nmi. :  the  length,  about  3-4  mm.  In  Greeniand  and  Iceiami  it  i> 
:i  fretiuent  parasite  of  the  dotr,  seal,  and  walrus,  and  is  found  occasiooally  in  man.  Tb»' 
measles  likewise  occur  in  tishes. 

BothrioeephalfM  Mansani  ( Cobbold)  or  Itf/fUaides  (Leock^urt)  is  the  measle  (plen)i.*rm>iii 
of  a  tapeworm  which  has  been  observed  a  few  times  (Xanson.  Ijiraa.  Xuxata)  in  tik- 
body -tissues  and  in  the  descending  urinary  passages  or  in  the  urine.     Its  origin  is  nt^c 
known. 

Bathriocephdufi  fAU,  which  occurs  in  cat?,  is  very  simiburto  the  Bothrioo^phalns 

latus. 

Bothrweepkalna  hitujs  occurs  also  in  dogs.  In  the  Uoiteii  States  this  worm  U  fiKUnl 
ix^casionally  in  individuals  who  havp  come  from  the  varioiLS  infected  regions «if  Europ**. 
In  the  mining  regious  of  Northern  Michisnui  it  has  been  found  a  numh<*r  of  rimi^s  in 
Finns. 


Uteratitre. 

(^Bi}thn4U*ephiduH  Latun. ) 

:  Bothrioceph.    latus  in  Mancheo.     Deut.   Ari-iu  f.   kliu.   MetL,    xsx\L« 
1SS5. 

Virch-  Arch.,  88  u.  92  Bd.;  Zur  Entwickelung^igeschichte  des  breiten  Buvi* 
wurmeSy  Wllrzbursr,  1885;  Ueber  den  Zwischenwirth  des  breiten  Bandwurmt-?. 
WUrzburg,  188«:  Die  thier.  F&rasiten  des  Menschen,  Waraburg.  1903. 

dy  B^9  e  Bovilli:  Coutrib.  alia  studio  dello  sviluppo  dfl  Botriocefalo  laco.    Git>ni. 
dellaR  Accad.  di  Xwl..  18HT:  n-f.  Cbl.  f.  Bakt.,  iii.,  1888. 

;:  L.  c,  und  Zur  BoihriocephaJus-Frage.    CbL   f.   Bukt.  u.   Parasitenk..  u, 

18H7. 
Schaumann:  Zur  Kemituisji  iIit  Botliriocephalus-.Vjailmie.  Berlin.  IS|>4- 
Schaumasxi  u.  TaJIqvist:    BUitkorpen'hen  autloscnde   Eii^osch.  d.  bn.*iu'n   Bsoii- 

wunnes.     Deut.  mwl.  W<K*h.,  IHW8. 
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Botbrioetph.  latus  in  (ranf.     Cbl.   f.   Bakr.,  i..   IS8T,    Zwist-lienwirth  d. 
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B.  Nemathblxintbes  (Eound  Worms). 

§  195.  All  the  rottiHl  worms  which  c)ecur  ic»  paraiAtes  belong  to  ibe 
NMMitodau  They  poissess  a  slender,  cylindi-ical.  elongated,  at  times 
filiform  body  without  segments  or  appendages.  The  cntiele  m  thick  and 
elastic.     The  mouth  opening  is  fonnd  at  one  extremity,  and  »  provide*! 
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sometimes  with  soft  and  soinetinms 
with  hom-like  lipa  The  elongated  in- 
testiue,  t<^ther  with  the  pharyux  and 
chyle-stoinach,  extends  through  the  en- 
lire  body-cavity  (Fig.  574)  and  opens 
upon  the  ventral  surface  a  short  dis- 
tance from  the  (iisnally)  awt-.sliuped 
posterior  extremity.  TJie  sexual  or- 
gans and  their  openings  are  also  fonnd 
on  the  ventral  snrface.  The  female 
wxnat  orifice  is  located  at  alwut  the 
middle  of  the  body,  less  trnpiently 
near  the  anterior  or  posterior  extremity 
(Pig.  574,  A,  a).  In  the  male  the  sex- 
ual opening  and  the  anus  are  located 
together  (B,  c).  The  ehitinous  cover- 
ing of  the  lower  gnt  forms  in  the  male 
the  means  of  dinging  during  the  act 
of  copulation.  The  males  are  usually 
smaller  than  the  females.  The  de- 
velopment is  direct,  and  the  inetamor- 
pboises  are  not  striking.  The  nema- 
todes occurring  in  man  are  in  part 
harmless  parasites  of  the  intestine,  and 
in  i>artverj'  dangerous,  sometimes  even 
fatal,  parasites  of  various  organs. 

§  l!l(l.  Ascaris  lumbricoides,  the 
common  round-worm  (Fig.  .574)  is  a 
light-brown  or  reddish,  cylindrical 
worm  with  tapering  ends.  The  female 
(A)  is  25—40  em.  long,  the  male  {J})  is 
mnch  smaller,  and  the  posterior  ex- 
tremity of  the  latter  is  bent  in  the 
form  of  a  hook  and  provided  with  two 
spicules  (c)  or  chitin  processes. 

The  mouth  opening  (6)  is  sur- 
rounded by  three  muscular  lips  bearing 
fine  teeth.  The  female  sexual  oi)ening 
(A,  a)  lies  anterior  to  the  middle  of 
the  body.  The  eggs  which  the  mature 
female  contains  in  enormous  numl>ers 
imssess  in  their  fully  developed  con- 
dition a  double  shell  (Fig.  575)  and 
around  this  an  albuminons  envelope. 
They  are  about  60-70/1  in  length.  The 
worm  inhabits  the  entire  intestinal 
tract,  but  most  frequently  the  small  in- 
testine. It  is  the  most  common  par- 
anite  of  man,  and  is  found  frequently 
in  very  great  numbers.  When  mature 
females  are  present  the  fteces  contain 
the  eggs  iu  great  numbers.  These  are 
very  resistant  to  external  influences, 
for  example,  to  drying  and  freezing. 


lalorincK;  c,  tbe  iwaspl 
he  (entanied)  rephnilc  ei 
Fto.  875. -Ed 


lwlUithBtJin«llpi. 
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The  eggs  require  no  intermediate  host  (Lutz,  Leockart,  Graasi,  Ep- 
stein). Man  is  infected  by  the  ingestion  of  eggs  which  have  been 
exx>elled  from  the  bowel  and  have  matured  in  the  f SBces.  Aceording  to 
feeding-experiments  which  Epstein  carried  ont  on  human  beings  with 
eggs  which  had  been  cultivated  in  damp  faeces  for  a  long  time,  the  roand- 
worm  attains  its  maturity  in  from  ten  to  twelve  weeks  after  the  ingestion 
of  the  eggs.  At  this  time  the  male  is  13-15  cm.  long,  and  the  fem^ 
from  20-30  cm.  Their  presence  in  the  intestine  does  not  cause  any  no- 
ticeable disturbance.  Only  when  present  in  large  numbers  do  they  some- 
times,  especially  in  children,  cause  intestinal  catarrh,  vomiting,  nerrons 
disturbances  and  convulsions.  Occasionally  the  worm  crawls  into  normal 
and  pathological  openings  in  the  wall  of  the  intestinal  canal,  and  in  this 
way  causes  trouble.  Thus,  when  it  crawls  into  the  ductus  choledochos, 
it  may  produce  bile-stasis.  If  it  penetrates  through  an  ulcer  into  tiie 
peritoneal  cavity  or  into  a  hernial  sac,  it  may  excite  inflammation  of 
the  tissues  concerned.  According  to  Leuckart  it  may  also  penetrate  the 
uninjured  intestinal  wall.  It  is  very  frequently  passed  with  the  stools 
per  anum,  but  at  times  per  os  in  vomiting.  From  the  pharynx  it  may 
wander  into  the  larynx. 

In  the  domestic  animals  ascarides  are  of  frequent  occurrenoe.  Asearis  lufubii- 
eaides  is  found  in  swine  (Aicaris  »uiUa)  and  in  cattle  {AtcarU  vituli).  Asearis  megah- 
cephaUt,  a  round  worm  whose  female  is  18-87  cm.  long,  is  a  common  parasite  of  the 
horse  and  donkey.  A»eari»  my»tax,  whose  female  reaches  a  length  of  12  cm.,  is  found 
frequently  in  dogs  and  cats,  and  has  also  been  observed  in  man.  Various  species,  des- 
ignated as  Ilet€raki9,  occur  in  birds.  Beterakis  maeulosaf  the  round  worm  of  pigeons, 
may  cause  tlie  death  of  the  pigeon  when  occurring  in  large  numbers  within  its  iDtestine. 
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{Asearis  Lumbpicoides.) 
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§  197.  Oxyuris  vermicularis*  awhtail,  pinworm,  or  threadvwTi^  is  a 
small  round  worm  (Fig.  576),  the  female  being  aboat  10  mm.  long  (a,  h) 
and  pointed  at  the  caudal  extremity  like  an  awl,  while  the  male  is  abont 
4  mm.  long  (r)  with  a  blunt  posterior  end,  the  anus  being  provided  with 
a  spiculum. 

The  eggs  (577,  «),  which  the  body  of  the  female  often  contaiDS  in 
very  great  numbers,  are  50  /*  long  and  24  f±  broad,  have  a  flat  and  a 
curved  surface,  and  a  shell  which  is  covered  by  a  thin  albuminous  layer. 
Oxyupis  vermieularis  inhabits  the  large  intestine  and  the  lower  portion  of 
the  small  intestine.  According  to  Zenker  and  Heller  only  the  impreg- 
nated mature  females  are  found  in  the  large  intestine,  the  young  indivW- 
uals  and  the  males  remain  in  the  small  intestine.  They  occur  very  fn^ 
quently  in  larger  or  smaller  numbers.  At  night  they  often  wander  from 
the  rectum  over  the  anal  region,  and  may  enter  the  vagina;  they  excite 
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itching  of  tbe  atlferted  partK.  lu  tbe 
pelvic  peritoneum  eiitrapsnlated  woniis  or 
eggs  have  been  observed  a  number  of  times. 
It  baa  not  yet  been  determined  whether 
they  cau  penetrate  the  intestinal  wall 
(Vuilleniin).  Wagener  found  dead  and 
calcified  noi'ms  in  the  flubmucosa  of  tlic 
intestiue. 

For  the  develojuuent  of  the  egjp*  (Fifr. 
STT,  a~e),  it  is  necessary  after  their  expul- 
sion with  the  fieces  that  they  aj^ain  be 
taken  into  the  stomach  of  man  or  beast. 
It  ifl  very  prot>able  that  the  original  host 
may  agaia  infect  himself  with  oxyuris,  i 
in  that,  for  example,  the  eggs  beeom- 
iug  attached  to  his  finger  during  the 
act  of  scratching  may  later  get  into  his 
mouth. 

The  eggs  are  very  resistant  to  diying, 
and  in  this  condition  may  l>e  widely  scat- 
tered. 

Literature. 

Hallw:  OxyurJH  vemiidi1ari8.  lliitiill).  v.  Ziem- 
ssen.  vn-:    U.  A.  f.  ktin.  Med..  77  B,l..  1903. 

Xolb;  OajuriH  vennic.  im  Cavum  DoiiKlasi,  Cbl. 
f.  B.,Ori^.,ixxi.,  1902. 

Korro:  Cisti  imp.  sulk  Kftlpiiige  conton.  uovn  iti 
Vx.  V.     A,  per  le  Sc.  M«l..  xxv..  IStt!. 

Schneider:  Ox.  v-erm.  im  Ileckenperitoi: '- 


Bd.,  1904. 

!^  19«.  Anchylostoma  duodensle  (I><tchmiiig  dnodeiudin,  or  Stronf/i/hm 
diioiieaaliit,  or  Uncinana  duwlenalU,  also  l^ncitmria  Amenrana  [StU^]), 
Hook-worm,  ia  a  Rmall  worm  l>elonging  to  the  fiunily  of  Sti-otiffifHiU-it, 
which  inbabitiH  the  upper  part  of  tbe  ttmall  intestine  (Fig.  578).  The 
cylindrical  body  of  the  female  is  5-18  mm.  long,  that  of  the  male  6-10 
mm.  The  cephalic  end  (Fig.  579)  is  curbed  toward  the  dorsal  surface, 
:mk1  possesses  a  bellied  mouth -capsule  (d).  It  is  almost  completely 
divided  dorsally,  and  the  cleftis  covered  by  two  chitinous  lamella'.  On 
the  ventral  border  there  are  four  incur\'iug  t^seth  (b),  on  the  dorsid 
liorder  two  teeth  which  are  perpendicularly  placed  (c),  all  bt^iug  held 
together  by  chitinous  bands. 

The  male  is  provided  at  its  caudal  extremity  with  a  thi'cefold  lmrs;i 
(Fig.  578,  j)  and  two  thin,  fishbone-like  spicules  (p).  In  the  female 
the  poftt«rior  end  is  pointed,  and  bears  an  awl-shajied  spine;  the  vnl- 
va  lies  posterior  to  the  body  centre.  The  oval  eggs  (Fig.  680)  ai-e  44-tiT 
."  long,  23-40  /i  broa^l.  They  undergo  the  first  stages  of  cleavage  iu  the 
human  intestine  («-rf),  develop  further  iu  muddy  water  (e,/),  and  nun' 
then,  if  brought  into  the  human  intestinal  tnict,  develop  again  into  s<-x- 
ually  mature  animals.     With  its  teeth  the  worm  works  its  way  into  the 
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mueooM  membrane  us  far  sis  the  t>abmuco^a,  and  sucks  itself  fall  of  bloou 
Its  point  of  attack  is  distinguishable  later  by  a  small  ecchymosis  in  thi- 
middle  of  whieh  there  is  a  white  spot  with  a  central  perforation.     CX- 
casioually  there  are  found  in  the  intestinal  mucosa  small  cavities  G\M 
with  blood,  within  each  of  which  there  lies  a  coUed-up  worm.     The  para- 


n«i.  577.  ~  Ek^s  of  OLr)f/t<rMi  rermietdartB  tn  utff«*rent  9iBit*^  *4  developnMfit.  'Aftn  Z«vkrr  aira 
HeU«r.)    a,  />«  L\  ^«f^eDUfttloa  of  yoU ;  W,  taiipol«f-i«lmpe<l  embryo;  c,  wonn-«liap«*d  emJarjKK    .\  Sa^K 

sites,  when  present  in  large  numbers,  i^use  a  continuous  and  serious  loss 
of  blo4Hl»  which  may  lesid  to  the  most  severe  forms  of  anaemia  {Effypfiam 
cklonms),  but  they  are  not  infref^uently  found  in  individuals  wh«> 
present  no  symptoms  of  disease.  The  parasite  is  very  common  in  the 
tropics^  and  also  in  Jaiian.  According  to  Griesinger  and  Bilharz  about 
one-quarter  of  the  native  Egyptians  suffer  from  this  disease.  Tb»- 
l>anisite  was  ver}'  often  observed  in  the  workmen  engaged  in  the  Saint 
Gotthard  tunnel.  Acconliug  to  Menche  and  Leiehteustem  the  briek- 
iields  of  the  Khine  provinces  are  to  a  great  extent  infected  with  anchy- 
lostoma  (briek-bumer*s  anaemia). 

In  1903  the  worm  was  distributed  to  an  extraordinary  degree  through- 
out the  mines  of  the  mining  district  of  Dortmund,  so  that  in  the  autumn 
of  that  vear  over  seventeen  hundred  individuals  infected  with  the  worm 
were  found. 

The  infection  takes  place  chiefly  through  larvse  ingested  with  the 
drinking-water  and  food.  According  to  the  investigations  of  Li>oss  ami 
Schaudinn,  the  larvse  may  iieuetnite  through  the  skin  into  the  veias 
thence  are  carried  into  the  lungSy  whence  they  wander  through  the  bron- 
chi, trachea,  and  larynx  into  the  intestinal  tract.  In  expertmeots  madr 
upon  ax>es  the  larvsB  may  b«^  found  in  the  intestine  within  twenty-four 
hours. 

According  to  Stilea  ( 1902) ,  the  hookworm  disease  of  the  Amencan  coattnent  is  dir 
to  a  distinct  species  from  that  found  in  Europe.     He  distinguishes  them  as  the  Old- 
World  hookworm  and  the  New- World  hookworm  {Necator  americanua  or  I'ntinarui 
oftimcona).     The  latter  form  is  prevalent  throughout  the  Southern  United  Slates  a> 
far  north  as  the  Potomac  River,  and  in  the  West  Indies,  and  has  also  been  found  in 
Italy,  Africa,  China,  and  the  Philippines.     It  is  a  cyiindrical  worm  7~tt  mm.  ton? 
with  a  dorsal  and  ventral  pair  of  lips,  a  prominent  dorsomedian  buccal  toothy  and  four 
buccal  lancets.     In  the  mole  the  dorsal  ray  of  the  bursa  divides  at  the  base  ani  eaci 
branch  possesses  two  tips.     In  the  female  the  vulva  is  in  the  anterior  half  of  thr  body. 
The  eggp»  have  more  sharply  rounded  poles  than  thoee  of  the  Old-Worki  worm.    If  ^^ 
estimatei^l  that  about  ninety  per  cent  of  the  rural  population  of  Porto  Rico  is  in^cted  witi 
this  parasite*  and  in  some  parts  of  Florida  a  similar  degree  of  infection  b  leport^i 
AccorditME  to  Sliles^  the  piuey-wood  and  aandy-^oU  portions  of  the  South  axe  espeaaAy 
WRtons  of  infection.     In  these  regions  **  ground  itch  "  is  of  common  occurteonf.  awl  > 
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der:  d,  mouth  cavity;  e,  akin  protuberaDce  on  ventral  aide  ul 
aema;  j.miacaimi  urer:  g.  aormi  irroove ;  h.  oesophagus,      X  100. 

no.  580.— Ens  or  Anrht/lnitiiTita  dundenait.    (Alter  FerroDCilo  aod  Scbultben:]    a-d,  Dfllereiit 
Urngm  of  nRm^wUoD ;  e.  /.  enK*  *lUi  embryoi.    X  IDO. 

;ippetite  ("  clay-ealers"),  pain  and  teiKlerness  in  the  apifcaBtriuin,  delayed  piibeny. 
mental  lassitucif ,  etc.  The  "  collon-mill  aiiBBtnia  "  of  the  South  is  due  to  a  moderate 
ilfijrce  of  hookworm  infection.     The  economic  importance  of  uncinariasis  in  America 
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is  very  great.  It  is  estimated  that  thirty  per  cent  of  all  deaths  in  Porto  Rico  are  the 
result  of  hookworm  infection.  According  to  StileSf  this  infection  is  chiefly  responsible 
for  the  inferior  mental  and  physical  condition  of  the  poorer  classes  of  whites  in  oertaia 
parts  of  the  Southern  States. 

Eitftfongylus  SiffUt  a  palisade -worm  of  red  color,  whose  female  reaches  a  length 
of  1  metre,  is  a  very  rare  parasite,  which  has  been  observed  only  a  few  times  in  the  kid 
ney-pelvis  of  man.  It  occurs  very  frequently  in  dogs.  It  possesses  a  mouth-openin!: 
with  six  papillae ;  the  male  Jias  on  its  posterior  extremity  a  bursa  with  a  single  spicu 
lum.  The  eggs  arc  oval,  0.06  mm.  long,  and  provid^  w^ith  a  rough  albuminous 
capsule. 

Stfongyltis  lonsevaginatus,  a  thread-like,  white  worm,  26  nun.  long,  was  om^ 
observed  in  tlie  lune  of  a  bov. 

In  the  domestic  anlmais  Strongylide»  occur  in  much  greater  numbers  than  in  man. 
and  are  hi  part  inhabitants  of  the  intestine,  and  in  part  of  the  lungs  {Midler,  "^Dit^ 
Nematoden  der  Sftugetbierlungen,"  Dent.  Zeii^ehr.f.  'Hiiermed.,  xv.,  1886). 

Doehmius  trigonocepfiaius  and  Dochmius  sienoeephalus  occur  in  the  intestine  of  dog^. 
and  give  rise  to  antemia  similar  to  that  produced  by  the  Auchylostoma  in  man. 

Strongylus  amuiUis  is  a  common  parasite  of  the  horse,  which  enters  the  intestinal 
tract  aaan  embryo,  bores  into  the  intestinal  wall  (O20»  thence  into  the  liver,  by  way  of* 
the  portal  vein,  and  further  into  the  limgs  and  the  organs  of  the  major  circulation. 
Following  this  migration,  it  may  develop  in  the  most  diverse  organs  and  cause  tk 
formation  of  fibrous  nodules,  which  become  calcified  after  the  death  of  the  parasiti- 
enclosed  in  them.  In  the  intestinal  wall  it  may  develop  after  direct  migration  or  after 
embolic  lodgment  in  the  part,  and  leads  to  the  formation  of  cavities,  from  which  it 
again  breaks  through  into  the  intestinal  lumen.  In  the  mesenteric  arteries  it  attain^) 
sexual  maturity,  and  causes  thrombosis  and  the  formation  of  aneurisms.  The  male  of 
the  mature  worm  is  20-80  mm.  long ;  the  female,  20-55  mm. 

StroTigylus  tetracantlius,  which  inhabits  the  large  intestine  of  the  horse,  causes  a 
liaemorrhagic  enteritis  when  present  in  large  numbers. 

StrangyluB  paradoxus  is  an  extremely  conmion  parasite  of  the  lungs  of  hog<. 
Strongylus  eapillaria,  Str.  commvtatus,  and  Str.  filaria  arc  frequent  paiasites  of  tlie 
lungs  of  goats  and  sheep,  and  different  species  may  be  present  in  the  ^me  lung  at  ooi' 
time  {Sehlegel,  **  Die  durch  Strong,  capillaris  verursachte  Lungcnwurmseuche  der  Zfege," 
Areh.f.  WU8.  Thier?ieil.,  25  Bd.,  1899).  The  latter  causes  in  sheep  a  i^ronchitis  ami 
nodular  proliferating  pulmonary  inflammations;  through  the  swallowing  of  manr 
embryos  inflammations  of  the  intestine  may  also  be  produced. 

Strang^lns  rufeacens  and  Str.  paradoxus,  Nematoidium  vein  pulnujnaUs  (Lffdtiu),  ur 
Pseudalius  oms  pulmanalis  (Koch)  are  also  inhabitants  of  the  liiugs  of  sheep,  the  last 
named  causing  a  pseudotuberculosis.  Str.  eornmutatus  and  Str.  pvsillus  occur  in  thr 
lun^  of  the  hare  and  rabbit;  Str.  syngamv*  and  bronchiaiui*  in  the  trachea  of  birds:  ami 
excite  inflammations.  Str.  mimirus  (Strose,  "Bau  von  Strongylus  micnirus.'*  De*ff. 
Zeitschr.f.  Thiei^tned.^  xviii.,  1892)  occurs  in  cows  and  calves,  in  arterial  aneurisms  as 
well  as  in  the  respiratory  passages. 

Strongylus  jnmllus  causes  in  cats  a  pulmonary  disease  resembling  tuberculosis 
(Jeanmaire,  "  Ueber  die  hist.  Verftnd.  der  Lunge  bei  der  verminOsen  Pneumonie  der  Kat7e 
und  des  Hasen,"  Inaug.-Diss.,  Freiburg,  1900).  Syngamus  traehealis  {Klee,  "Der  ge 
paarte  LuftrOhrenwurra  des  Gefltteels,"  Beut.  ThierarztL  Wochenschr.,  1899)  is  a  dan- 
gerous parasite  of  birds,  particularly  of  pheasants,  in  the  trachea  of  which  it  appears 
in  great  numbers,  and  attaches  itseli  to  the  mucous  membrane.  It  is  easily  recogni2<>d 
by  its  red  color.  Similar  to  the  last-named  is  Syngamvs  bronehuUis,  which  has  been 
observed  a  few  times  in  geese  and  ducks. 
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§  199.  AngulUula  intestinalis  (Fig.  581)  is  a  worm  of  2.25  iiini. 
leDgthy  which  is  found  in  the  intestine,  particularly  in  the  tropics,  and  in 
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Fig.  ta>\.'-A}tQaiU'ula  intestinaXig. 
(After  Braun.) 


Fig.  58?.— Female  of  AnrndUtila  tttercnraiiif,  \rith 
eggs  and  embryos.    (After  Perroncito.)    x  K5. 


Itdlyy  and  has  been  occasionally  observed  in  Switzerland,  Germany,  Bel- 
p:ium,  and  Holland  (probably  transported  from  Italy),  under  similar  con- 
ditions as  the  Anchylostoma  duodenale.     Accordinpj  to  the  observations 
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of  Leaekart^  Golgi,  GraHM^  Lekiilenetteni,  Ziiiii  ami  others,  the  Auffmittula 
imttniimafU  in  a  hermaphrDdile,  the  egg»  4>f  whieh  develop  even  in  the 
intestine  to  embiyot»  of  0.2  mm.  in  iei^h;  and  in  the  presence  iu  the 
intestine  of  nnnien>n:!^  parent- worm:i«  are  found  in  the  faeces  in  great  nnni- 
bersw  In  the  sT'ioLh  they  become  changed  within  aboot  twelve  honrs  into 
fiiaria-like  larv9P«  «  hii*h,  when  gaining  entrance  into  the  homan  intestine, 
again  gn>w  into  parv^sitie  angnilloLe,  which  are  again  aUe  to  prodnce 
eggs  capable  of  development.  In  ad«lition  there  also  ocenjs  a  develop- 
ment with  an  intermediate  .sexoal  generation,  a  heterogony. 

In  the  event  of  a  aexnal  develo(Hiient  the  embryos  grow  ontside  of  the 
body  in  about  three  days  into  sexnally  matore  animals  (female  1.2  mm. 
long,  mal*"  O.SS  mm.)  which  are  known  as  Amfm^mla  or  lAobdUis  derro- 
raiis  I  Fig.  5s2),  and  were  formerly  regarded  as  a  separate  specie&  The 
embryoe^  of  the  separate  sexnal  individuals  develop  into  filaria-like  lar^-se, 
whicb^  entering  the  intestine  of  man,  again  grow  into  parasitic  angroil- 
Inlse. 

According  to  Leichtenstem  and  Zinn  the  filaria-like  larv»  of  the 
direct  development  are  more  resistant  than  those  of  the  sexnaL  The 
sexnal  mode  of  multiplication  occurs  particularly  in  the  angoillnla,  com- 
ing fn>m  the  tn>pics,  while  in  the  indigenous  form  (bridk-laborerK  of 
fvermany.  Belgium,  Ht>lland)  the  direct  metamorphosis  predominates. 
Leichtenstem  has  explained  this  by  the  assumption  that  the  tropical 
angnillnla  after  its  transportation  into  a  temperate  zone  has  adapted 
itself  to  the  less  favorable  climatic  c«.>nditions  of  the  latter  in  such  a 
manner  tliat  the  anguillula  of  the  temperate  zone  favors  more  the  much 
simpler  mixle  of  development  whi<^  is  the  more  independent  of  thv 
climate — namely,  the  direct  transformation  of  the  embryo  into  the  filaria- 
shaped  l:i»-\*»,  wlilrh  in  tnm  grow  directly  into  parasitic  angnlllnlie. 

Acc«>nliug  to  the  statements  of  various  authors  Angnillnla  stercoralis 
when  present  in  large  numbers  causes  diarrhcea.  According  to  Xormand. 
Grassi,  Golgi,  Leichtenstem,  and  others^  the  worms  are  found  chiefly  in 
the  upper  parts  of  the  small  intestine.  According  to  Leichtenstem  and 
Askanazy  the  mature  animals  and  the  larvse  penetrate  not  only  into  th«* 
crypts  of  Lieberkilhn,  but  also  into  their  epithelium  and  into  the  con- 
nective ti«isue  of  the  mucosa,  and  in  individual  cases  may  break  throngh 
the  muscularis  mucosae.  The  mother  animals  lay  their  eggs  in  the  intes- 
tinal cn>-ptSb  The  embryos  when  hatched  oot  wander  out  into  the  intes- 
tine. 
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of  Exp.  Med.,  1901. 

Zinn:  L'tbcr  Angiiilluk  intostiiuilis.    Cbl.  f.  Baki..  xwi.,  ixm. 

§  200.  Trlcoc«phalu»  dispar  {Trickuriit  iikhiirkt),  the  trhipirorm, 
is  a,  coiumoii  and  relatively  harmless  parasite,  though  according  to 
-Vskanazy  it  Bucks  blood  from  the  iutestiual  mucosal.  It  inhabit.^ 
the  ciecum  and  the  iieighboriug  iiortiona  of  the  iutestiue.  It  is 
found  also  in  the  dmneMii-  auiuiiil.-^  The  male  aud  female  are  about 
4-5  em.  iu  leugth  (Fig.  ri83}.  The 
anterior  body-half  (n,  ft)  is  very 
thin,  thread  ■  like;  the  iKisterior 
which  bears  the  sesual  organs  (/■,  g, 
/,  o,  p),  is  much  thicker,  iu  the  fe- 
male (£)  eylindrieal,  aud  in  the 
male  (_A)  n)llfd  up  and  provided 
with  a  spiciilum  (^). 

The  eggs  (Fig.  5H4)  are  an  el- 
ongated oval,  60  /( long,  aud  possess 
a  thick  brown  shell,  which  shows 
at  both  polps  a  peg-shaped,  glassy 
.swelling. 

The  first  staige  of  the  develop- 
ment of  the  embryos  takes  platte  iu 
water  aud  in  moist  earth.  It  ad- 
vances slowly,  even  in  summer 
lasting  four  to  five  mouths,  and  in 
the  colder  mouths  of  the  year  much 
longer.  The  eggs  are  very  resist- 
ant to  cold  aud  drying.  (For  the 
literature  see  Huber,  "Bibliogra- 
phie  der  klin.  Helmintholc^ie," 
Miiuchen,  1893,  p.  213 ;  Aakamigy, 
"Der  Peitschenwurm,"  Devt,  Arch. 
f.  MiH.  Med.,  57  Bd..  1896;  Heiw, 
''Anatomied.  Tricotrepbalus,"  Cbl. 
f.  Bakt,  xxviii,  1900). 

§  201.  Trichina  spiralis  occurs 
iu  two  forms — the  trichina  of  the 
intestine  aud  the  trichina  of  the 
muscles. 

The  intestinal  trichina  (Fig. 
58.j)  is  the  sexually  mature  form,  and  is  a  small,  white,  hair-like  worm 
scarcely  visible  to  the  naked  eye.  The  female  (A)  is  3  mm.  long,  the 
male  (S)  is  much  smaller.  The  posterior  part  of  the  body  is  elongated 
in  both  sexes,  aud  in  the  male  (B)  is  provided  on  the  dorsal  half  with 
two  conical  terminal  pegs,  which  aye  directed  toward  the  belly  and 
iire  separated  from  each  other  by  font  knob-like  papillie.  Instead 
■if  a  spiculum  tbe  muscular  cloaca  is  protruded  outward  during  copa- 
lation. 

The  intestinal  canal  begins  with  a  muscular  mouth,  which  becoming 
wider  passes  into  the  ceflopbagus,  which  throughout  ilseutire  length  is  sur- 
roonded  by  the  so-called  cell-body — that  is,  by  rows  of  large  cells.  The 
stomach,  which  follows  the  (EHophagus,  is  a  flask -shaped  dilatation  of  the 
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iotestiue,  and  is  lined  with  finely  gninular  cells.  The  stounieh  parses 
without  any  essential  change  of  structure  into  the  intestine,  which  in  the 
male  unites  with  the  seminal  duct  at  the  posterior  end  to  form  the  cloaca. 

The  tcttticles  consist  of  a  pouch,  which  begins  near  the  caudal  end  as 
a  blind  sac,  proceeds  as  far  forward  as  the  cell* 
bodies,  and  bending  there,  passes  over  into  the 
seminal  duct. 

The  sexual  organs  of  the  female  (A)  consist 
of  a  single  ovary,  a  uterus  and  a  vagina,  which 
opens  externally  at  the  junction  of  the  first  and 
second  quarters.  The  ovary  likewise  forms  a 
pouch  lying  close  to  the  posterior  end  of  the 
body,  in  which  the  round  ^gs  develop.  The 
pouch  passes  anteriorly  into  the  sac-shaped  yte9iM. 

The  eggs  develop  within  the  uterus  into  em- 
bryos which  are  set  free  at  birth. 

The  muscle-trichina  (Fig.  586)  is  a  wonn 
0.7-1  mm.  in  length,  which  lives  in  the  muscles 
of  the  body.  It  is  usually  rolled  into  a  spiral 
and  lies  in  a  capsule,  which  occasionally  contains 
lime-salts.  Between  the  coils  of  the  worm  there 
is  a  finely  granular  mass. 

A  single  capsule  may  contain  three  to  five 
trichime. 

If  a  piece  of  muscle  containing  living  tri- 
chinaB  is  taken  into  the  stomach  of  a  host— for 
example,  man — the  capsule  is  dissolved  and  the 
trichinse  are  set  free.  In  the  intestinal  canal  they 
attain  sexual  maturity  within  two  and  a  half  days, 
when  copulation  takes  place.  On  the  seventh  day 
after  the  ingestion  of  muscle  trichina  the  birth 
of  embryos  begins,  which  continues  some  time, 
even  for  weeks.  A  single  female  trichina  may 
bear  from  one  thousand  to  thirteen  hundred 
young.  According  to  Pagenstecher,  Chatin,  Oer- 
fontaine,  and  Askanazy,  the  female  trichinae  x)en- 
etrate  into  the  intestinal  villi  and  deposit  the 
embryos  in  the  chyle- vessels,  whence  their  migra- 
tion begins.  To  what  extent  they  are  swept  along 
passively  by  the  lymph,  or  to  what  extent  active 
migration  is  concerned  in  their  spreading,  is  a 
difficult  matter  to  determine.  When  arriving  in 
the  muscles  they  penetrate  the  primitive  fibres, 
bring  the  adjacent  contents  of  the  fibre  to  degen- 
eration, and  grow  in  about  fourteen  days  to  fully 
developed  muscle  trichinse.  In  the  neighborhood 
of  the  trichinae  there  occurs  a  proliferation  of 
the  muscle-nuclei  and  an  inflammation  of  the 
connective  tissue.  At  first  the  lauscle-trichinaB 
are  enclosed  only  by  the  sarcolemma,  which  ap- 
I)ear8  thickened  and  hyaline  about  them.  Later 
there  occurs  in  the  neighborhood  an  infiiammatory 

proliferation  of  granulation  tissue  containing  nii-  «  fiiL-«*>™itr  mai» 
merous  eosinophile  cells  (Schleip),  which  leads  to  trichtar*''a?'r5S>»:  R 
the  production  of  connective  tiasne  on  the  out-      5^  *^*^  Leueka«4 
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side  of  the  sarcoleinnia  mill  jMHietrates  even  witbiii  the  sarcolpninia  tulH>, 
the  niiwcle-uuclei  being  drntroyeO,  Fat-cells  may  appear  later  in  the  con- 
nective tissue  of  the  Ciipsnle,  the  development  of  the  latter  l)eing  especially 
marked  at  the  polew. 

The  intestinal  trii-hiiiie  havo  a  limit4Kl  life  of  from  five  to  eiifbt  weeks. 
The  mascle-trichiiiffi,  on  the  other  hand,  may  live  for  a  vei-y  long,  possi- 
bly an  unlimited  time — 
that  is,  until  the  death 
of  the  affected  individ- 
ual ;  or  at  any  rate  for 
years,  althoagh,  accord- 
ing to  Ebrhardt,  a  few 
may  die  before  the  en- 
(apsulation.  After  some 
time  there  frequently 
occurs  a  deposition  of 
lime-salts  in  the  capsule, 
especially  at  the  poles, 
caa.sing  it  to  appear 
glisten in^r- white  by  iv- 
flected  light,  and  cloudy 
and  dark  by  transmitted 
tight-.     In  rare  cases  the 

trichiniB   after    dying       Fio-AM.    EnotpauUledmuwJelrl<-bJiiii<.  lArif r Lmckin.)  ',rn. 
also  become  calciiieil. 

Tricbineebave  been  observed,  besides  in  man,  also  in  the  hog,  cat, 
dog,  rat,  mouse,  marmot,  polecat,  fo\,  marten,  badger,  hedgeht^,  and 
raccoon.  Through  the  feeding  of  tricbinous  inwit  uiusde-trichinie  msiy 
idBO  be  developed  in  rabbits,  guinea- pigs,  sheep,  dogs,  etc.  Man  becomes 
iufected  through  the  eating  of  uncooked  pork.  The  invasion  of  the  tri- 
chinae produces  various  phenomena  in  man.  The  introduction  of  trichin- 
ODS  meat  into  the  intestine  is  followed  by  the  symptoms  of  an  iut^tinal 
<ratarrh.  With  the  invasion  of  tiie  muscles  there  are  produced  pain, 
swelling,  oedema,  paralysis,  and  not  infrequently  fever.  In  the  blooil 
there  occurs  a  marked  increase  of  the  eosiuophile  cells  (Opie,  Schleip). 
Tbe  symptoms  ai^  most  severe  lu  the  fourth  and  fifth  weeks.  Ueatb  not 
infrequently  resulta  The  intensity  and  severity  of  the  symptoms  dej«nd 
in  general  upon  the  numl)er  of  the  worms  wandering  into  the  muscles. 

The  trichinee  are  found  most  abundantly  in  the  diaphragm,  tongue,  in- 
tercostal muscles,  the  muscles  of  the  neck  and  larynx,  the  lumbar  muscles, 
and  are  scattered  most  sparsely  in  the  distant  muscles  of  the  extremities. 
They  are  nsually  most  numerous  about  the  insertions  of  the  tendons. 

Accordinic  to  FroAingham  (Jour,  of  Med.  Reg.,  1906).  tbe  trichina  embryoa  &re 
found  in  the  sinuses  of  the  mesenteric  lymph-iioileR  and  in  the  liver  sinuaoiilK,  showinK 
that  they  enter  the  l^ph-etream  and  are  distributed  by  the  circulating  blood.  Trichina 
embtyoB  are  found  in  the  areas  of  hiEmorrhaKe  occiirnne  in  the  lungs.  Local  destruc- 
tion oT  titMue  may  tnke  place  in  the  liver,  pancreoa,  brain,  and  heart  as  areHull  of  the 
parasite  leainng  the  bioo<l- vessel.  The  cHmiiie  of  liie  encysted  trichinipis  fonned  of 
connectii'e  tissue  which  surrounds  the  whole  of  the  iuvH<led  fibre. 
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§  202.  Filaria  or  Drmcunculus  medinensis,  the 
(Juiuea-worin  (Fig.  587),  is  a  thin,  thread-like 
female  worm  from  60  to  100  cm.  in  length.  The 
males  (observed  by  Charles)  which  were  attached 
to  female  filarise,  were  ouly  4  cm.  long.  The  an- 
terior extremity  is  rounded  off,  while  the  poesterior 
tai>ei's  into  a  pointed  tail  which  is  cnrved  toward 

the  bellv.  The  external  cover- 
ing  consists  of  a  firm  eaticle, 
which  at  the  cephalic  end  is 
thickened  in  the  form  of  a 
shield.  The  intestinal  eaual  is 
narrow  and  has  no  anns.  The 
nteras  filled  with  yonng,  takes 
np  nearly  the  whole  of  the  body- 
ca V  ity .  The  embryos,  which  are 
set  free  by  the  bursting  of  the 
mother- worm,  have  a  firm  cudele 
and  an  awl-shaped  tail.  As  in- 
termediate host,  the  embryoii 
seek  out  small  crnstacese,  in 
which  they  are  probably  taken 
into  the  stomach  of  man  with 
the  drinking-water.  In  Africa 
and  Asia  the  worm  is  of  fre- 
quent occurrence.  It  develops 
in  the  skin  to  sexual  maturity 
and  causes  abscesses  of  the  af- 
fected region.  It  is  usually 
found  on  the  lower  extremities, 
especially  in  the  region  of  the 
heels. 

FUjuia  sancttiois  bonliiis  is 

the  name  given  to  the  larr^  (^Vf- 
588)  of  a  womu  which  ocear  in 
the  blood  and  lymph  of 


Flu.  387. 


riu.S8& 


Tui.  907.  —  FUaria  9tn  DracunctUut  medinentUf^ 
t  After  LiNAciuut.)    Natural  aiae. 


FlQ.  ae^.—Ziahrjo  of    FQaria   BanemftU  Irauwn 
aA  FUm-ia  wimmiHis  haminiik   (After  Lewjs^)    x  ¥Hk 


FILARIA.  747 

and  are  about  0.35  mm.  in  length.  The  sexually  mature  worm  is  fili- 
form, the  male  about  H  cm.  long  and  the  female  15  cm.  It  is  called 
Filaria  Bancrofti  after  its  discoverer.  The  worm  inhabits  the  lymph - 
vessels,  particularly  those  of  the  scrotum  and  lower  extremities,  and  maj' 
be  present  in  large  numbers.  It  causes  lymph-stasis  and  inflammations 
which  lead  to  swellings  of  the  lymph-glands  and  to  elephaniiasis-Uke  thicken- 
ing  of  the  tissue,  associated  with  Ojdema  and  lymphangiectasis.  Purulent 
inflammations,  lymph-abscesses,  buboes,  chylous  hydrocele,  and  chylous 
iiscites  may  api>ear  in  consecjuence  of  its  presence. 

From  the  lymphatics  of  the  liml)s  and  scrotum  the  eggs  and  embryos 
(0.35  mm.  long)  (Fig.  588)  pass  into  parts  of  the  lymphatic  system  and 
into  the  blood,  giving  rise  to  htematuria,  chyluria,  and  chylous  diarrhoea. 
According  to  Manson  and  Scheube  the  filaria  are  present  in  the  blood 
taken  from  the  skin  only  during  the  night;  von  Linstow  explains  this 
phenomenon  as  due  to  the  fact  that  during  sleep  the  peripheral  vessels 
l>ecome  dilated,  and  so  permit  the  entrance  of  the  filarite,  while  the  cap- 
illaries, being  narrower  during  the  day,  do  not  permit  such  entrance. 
The  hematuria  is  the  result  of  the  collection  of  embryos  in  the  blood- 
vessels of  the  urinar>'  tract.  The  chyluria  and  the  chylous  diarrhoea,  on 
the  other  hand,  are  due  to  the  olistruction  by  the  parasites  of  the  thoracic 
duct,  thus  causing  a  lymph -stasis  which  extends  to  the  lymphatics  of  the 
bladder  and  intestine  and  there  occasions  the  escape  of  lymph.  Accord- 
ing to  Scheube  the  rupture  of  the  lymphatics  is  also  attended  by  a  rupt- 
ure of  blood-vessels,  so  that  blood  becomes  mixed  with  the  lymph.  The 
embryos  may  pass  out  from  the  urinary  apparatus  through  the  urine. 

The  distribution  of  the  embryos  is,  according  to  Manson,  accomplished 
by  means  of  mosquitos,  which  take  up  the  parasite  during  the  act  of  blood- 
sucking. In  the  mosquitos  they  piiss  through  a  second  stage  of  develop- 
ment and  are  then  (James)  after  two  or  three  weeks  ready  for  the  infec- 
tion of  a  new  host.  Manson  formerly  held  the  opinion  that  they  entered 
the  water,  and  in  a  free  condition  were  taken  up  in  the  water  into  the 
intestinal  tract.  The  investigations  of  James,  Low,  Grassi,  and  No^,  who 
followed  their  development  and  migration  in  the  body  of  mosquitos, 
make  it  seem  probable  that  they  are  tninsmitted  to  a  new  host  through 
the  bite  of  the  mosquito. 

The  Filaria  sanguinis  occurs,  so  far  ns  is  known,  only  in  the  tropics 
(Brazil,  Egypt,  Algiers,  MadagJiscar,  Zanzibar,  Soudan,  South  China, 
Talcutta,  Bahia,  Ciuadelonj)e). 

Of  the  Acanthocephala,  neuiatode-like  worms  having  no  intestine, 
and  possessing  at  the  anterior  end  a  retractile  proboscis  set  with  booklets, 
the  most  impoi-tant  is  the  Echinorhtjnem  gigas.  The  male  is  10-15  cm. 
long,  and  the  female  30-50.  It  occurs  chiefly  in  the  intestine  of  the  pig, 
and  penetrates  into  the  intestinal  wall.  According  to  Lindemann,  it 
occurs  in  Southern  Euasia  also  in  man.  The  rose  chafer  and  the  May 
lxH»tle  8e^^•e  as  intermediate  hosts. 

The  Filaria  hancrofti  is  found  in  the  West  Indies  and  occasionally  in  the  Southern 
States.     More  rarely  cases  are  found  farther  north. 

Mackenzie  estimated  the  number  of  filaria-embryos  present  in  the  total  bulk  of  the 
blood  of  a  case  of  hromatochyluria  closely  studied  by  him  at  from  thirty-six  to  forty 
millions.     The  patient  died  from  empyema;    during  the  disease  the  filariffi  died. 

In  the  domestic  animals  mimerous  JUana-Bpecies  occur  and  inhabit  different  parts 
of  the  body.  Filaria  pajriUosa  is  a  common  parasite  of  the  horse,  donkey,  and  cattle; 
it  lives  in  the  serous  cavities  and  reaches  a  length  of  from  5-18  cm.  Filaria  hcBtnatica, 
a  worm  13-13  cm.  long,  inhabits  the  right  heart  and  the  pulmonary  artery  of  the  dog, 
and  in  this  situation  gives  off  its  embryos  to  the  blood-stream.     It  occurs  partictilarly 
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in  America,  China,  and  India.     Filaria  hemorrhagica  or  multipaptUoaa  causes  a  nodular 
cutaneous  affection  in  the  horse  and  donkey. 
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Xanaon:  The  Filaria  Sanguinis,  London,  1883;   The  Filaria  Sanguinis  Hominis  Major 

and  Minor,  Two  New  Species  of  Ha^matozoa.     Lancet,  1891;    ref..  C1>l.  f.  aUg. 

Path.,  ii..  1891. 
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III.  Arthropoda. 

i.  Arachnida, 

§  203.  The  punisites  included  among  the  Arachnida  are  chiefly  epizoa, 
which  either  temporarily  or  permanently  inhabit  the  skin.  Only  one 
species — Peiitastoma — occui-s  in  the  larval  form  within  the  tissues.  The 
most  common  i)arasites  of  this  group  belong  to  the  J^Dites  (AcariM  . 
The  pentastoma  belongs  to  the  family  of  ionfftie'irorms  {PentwAomidec  \>i 
LinguattUidw). 

(1)  Acarus  scabiei  or  Sarcoptes  hominis,  the  itch-mite,  is  a  para- 
sitic mite  the  size  of  a  pinhead  with  a  turtle-shaped  body,  provided  on 
the  ventral  surface  both  anteriorly  and  posteriorly  with  two  pairs  of  1^^ 
each  of  which  is  furnished  with  bristles  (Fig.  589 ).  The  anterior  pairs 
of  legs  extend  out  into  i)edicled  clinging-discs.  The  ssime  arrangement 
is  found  in  the  posterior  two  jiairs  in  the  male, while  in  the  female  both 
of  the  i>osterior  x>airs  end  in  long  bristles.     Several  bristles  are  al.so  found 
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along  the  Ixirdur  of  the  potiterior  portion  of  tlm  body,  while  the  liaclc  in 
studded  with  tootb-like  kiiobH.  The  bead  is  i-oiind  and  likewise  set  with 
bristleN.     Tlie  female  is  nearly  double  the  size  of  the  ni:ile. 


The  mite  lives  in  the  epidermis  (Fig,  5!I0,  n,  d)  in  which  it  forms 
burrows,  some  of  which  are  10  cm.  long. 

In  the  burrows  the  female  (d)  lays  the  eggs,  which  develop  in  situ 
into  the  yonng  itch-mites  (e),  which  penetrate  still  deeper  into  the  epi- 
dermis, and  t^ter  repeated  sheddings  of  their  skins  grow  into  sexnally 
mat-ore  animals.     The  skin  respond  to  the  irritation  prodnced  by  the 


TiO.  fiBO.«-s™bi™  (■Imhor,  onnltie).    a.  Uornr  Iftjtr  ol  —       ^ 

Tiws  of  (he  llrh-mllf :  h.  inuroiu  layer,  and  [«plllaiT  bodf.  the  latter  htviiiI;  enlaj^t^  ■"*!  InOltraleil 

ilih  ™ll»:  c.  nitlj  Innitniipil  itllli  cellii;  il,  awllon  '  -  " "  "-"  -'—  ■  -    — '' 

inhrTM  of  dllleretit  tlzen:  /,  ftMWi.    K  SO. 


'■W  THE    ANIMAL,    PARASITES. 

presence  of  the  mites  by  an  increased  productioD  of  epithelial  cells  lo ' 
and  inflammation  (c).  The  latter  is  still  further  increased  throngh  thr 
scratchiDg  of  the  spots  which  itch  in  consequence  of  the  invasion. 

2.  Leptus  autumiulis,  the  harve^-mite  (Tig.  o91)  is  the  red-colored 
larva  of  a  variety  of  Trombididar,  which  lives  upon  grasses  and  bushes 
and  Ttpon  grain,  aiid  when  occasion  offers  alights  upon  the  skin  of  man. 
where  it  penetrates  the  epithelinm  and  causes  itching  and  indammation. 

3.  Demodexor  Acarusfolllculorum  homlnls  (Fig.  592]  occurs  either 
singly  or  in  numbers  in  the  liair-fonicles  of  the  face,  as  well  as  in  tb^ 
ducts  of  the  sebaceous  and  Meibomian  glands,  Hansche  found  the  de- 
modex  on  the  eyelashes  in  seventy-nine  per  cent. ,  and  Joers  in  sixty -four 
per  e*nt.  of  the  cases  examined.  Children  under  one  year  of  age  were 
free.  The  female  is  0.4  mm,  long,  the  male  0.3  mm.  The  eggs  are  lie- 
posited  upon  the  shsift  of  the  hair  or  upon  any  other  portion  of  tissue,  ;tnd 
develop  EiiFter  two  sheddings  into  sexually  mature  animals  which  are  found 
in  the  entranM^t  to  the  hair-follicles  and  sebaceous  glands,  with  their  beads 
directed  inward.  The  assumption  that  the  demodex  causes  inflammatinti 
(acne,  blepharitis  acarica)  is  not  supported  (Joers,  Hausche),  since  in 
spite  of  its  preseiiee  iii  the  great  majority  of  Cities  signs  of  inflammntion 
are  wanting. 

It  has  on  its  anterior  ventral  surface  (Fig.  .592)  four  pairs  of  short 
tliii-k  feet.     The  )ic:ul  poasesse.s  a  suout  and  two  feelers. 

4.  Ixodes  licinus,  the  wood-jack  or  irood-lick  (Fig-  593),  is  afaii.y 
large  yellowish -brown  member  of  the  Arachnida  belonging  to  the  t'wk^ 


no.  »l.  rra.  sat.  fig 

tta.  WL— I^pdwaulumnalli.    (After  KOrJiennnM»lCT«iiil  ZOrn.) 
Fio.  lU!.-Aearmfoaicu}orum  ffimliib.     (Aftw  PertH    X  ano. 

no.  taa.-lxoda  ncintu,  «uck«<l  luuc  rmi  of  blood,    x  2. 

FCQ.  EM.— Cephalic  end  of  Pttitaatoma  dr.nHtutatum.    (Aflw  Pwl 
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It  hsis  a  blsiek  head  provided  with  a  sucking  apparatus,  and  a  very  dis- 
tensible leathery  body.  It  is  of  common  occurrence  upon  grass  and 
bushes,  and  sometimes  alights  upon  man  or  beast.  By  means  of  its 
sucking  apparatus  it  draws  blood  from  the  skin  and  swells  up  to  a  ver>' 
remarkable  extent. 

5.  Pentastoma  denticulatum  is  the  larva  of  Pentastoma  taenoides, 
a  lancet-shaped  animal  belonging  to  the  tongue-worms  or  PeiUatAomidce. 
It  inhabits  the  nasal,  frontal,  and  maxillary  cavities  of  various  animals, 
especially  of  the  dog,  very  rarely  of  man  (Laudon)  and  occasions  inflam- 
mations. The  female  of  the  mature  animal  is  50--80  mm.  long,  and  an- 
teriorly from  8-10  mm.  broad ;  the  male  is  16-22  mm.  long,  and  anteriorly 
from  3-4  mm.  broad.  The  body  consists  of  eighty-seven  to  ninety  seg- 
ments, the  most  anterior  of  which  bear  lateral  s^ment-appendages,  the 
pairs  of  limbs.  The  eggs,  which  are  produced  in  very  great  numbers, 
are  oval.  The  larva  is  4^5  mm.  long,  1.5  mm.  broad,  plump,  flattened,  and 
inhabits  chiefly  the  liver,  lung,  or  spleen,  or  more  rarely  the  other  organs 
of  man  and  the  herbivora.  It  occurs  in  the  form  of  a  small  nodule  encap- 
sulated in  connective  tissue.  The  body  consists  of  about  fifty  ring-shaped 
segments  which  are  provided  at  the  borders  with  spines  (Fig.  594),  and 
the  cephalic  end  is  provided  with  four  hook-shaped  feet.  The  eggs  are 
taken  in  from  the  external  world  through  the  intestinal  tract.  The  para- 
sites set  free  in  the  intestine  wander  by  means  of  a  boring  apparatus 
through  the  mesentery  into  the  mesenteric  lymph-glands,  or  penetrate 
directly  into  the  blood-vessels,  and  are  carried  by  the  blood-stream 
to  the  liver  or  even  to  the  lungs,  where  after  shedding  they  develop 
into  the  encysted  larvse.  The  larvsB  may  in  their  wanderings  gain  access 
to  the  nasal  cavity  of  their  host,  and  develop  into  mature  animals,  al- 
though the  further  development  usually  takes  place  only  after  their  re- 
ception into  a  new  host. 

Accordiog  to  the  published  reports  of  Tnuaka  a  sniall  rp<l  mite  occurs  in  great 
numbers  in  different  parts  of  Japan  during  midsummer,  and  clinging  firmly  to  the  skin 
of  man  causes  the  so  called  Kedani-di^ase,  which  is  cliaracterize<l  by  inflammation  of 
the  skin  and  lymph-glands,  with  high  fever,  and  often  ends  fatally.  It  is  probable  that 
these  syinptoms  are  due  to  secondary  infections  (proteus  and  streptococci)  in  the  bites 
of  the  mite.  Argas  reflexusiy  a  tick,  causes  by  its  bite  not  only  local  inflammation,  but 
also  nausea,  diarrhoea,  cardiac  palpitation,  asthma,  etc.,  through  a  poison  derived  from 
its  salivary  elands.     It  is  found  also  in  pigeons. 

In  the  domestic  animals  living  mites  occur  very  frequently  as  parasites  of  the 
skin,  and  represent  different  species  of  various  families  {Sarcoptides,  Dermatocoptes, 
Dermatophnges,  and  Acarides). 

Sarcopte8  hominis,  the  burrow-mite  or  itch-mite  of  man,  is  found  also  in  horses  and 
Neapolitan  sheep.  In  addition  still  other  different  species  of  sarcoptes  may  be  distin- 
cuisned  as  parasites  of  the  domestic  animals— for  example,  Sarcoptes  squamiftms  in  dogs, 
nogs,  sheep  and  goats,  and  Sarcoptes  minor  in  cats  and  rabbits. 

Dermatophagus,  the  devouring-mite  (Fig.  595).  with  a  broad  head,  occurs  in  different 
animals,  and  different  species  may  be  accordingly  distinguished.  It  lives  upon  the 
cells  of  the  epidermis  and  causes  a  desquamation  of  the  skin. 

DermatocopteSf  the  sucking-mite  (Fig.  596),  with  long  narrow  head,  takes  blood  and 
lymph  from  the  skin  and  causes  inflanmnation.  Dermatocoptes  communis  occurs  in 
horses,  cattle,  and  sheep. 

Dermatocoptes  cuntcuH  is  a  parasite  of  the  rabbit's  ear,  and  causes  the  ear-scab 
which  usually  appears  on  the  inner  side  of  the  auricle. 

Symbiotes  equi  of  Gerlach  is  a  mite  which  occurs  chiefly  upon  the  feet  of  the  heavy 
Knglish  and  Scotch  horses,  ami  ^uses  a  moist  dermatitis,  often  incorrectly  called 
inalanders.  • 

Dermanyssus  avium  is  a  long,  rofl,  blood-sucking  mite,  about  1  mm.  long,  and  is 
often  found  upon  birds. 

Dermaioryctes  mvians  causes  the  foot-itch  of  chickens  whereby  the  skin  acquires  x 
inortar-like  scabby  covering. 
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(4)  Cimex  lectularius.  the  bedbng,  dwells  in  l>edK,  floors,  closets,  vto. 
During  the  uight  it  gt-ls  ui>oh  maa  to  suck  blood.  It  cauRfS  wheals  iti 
the  skin. 

(5)  Pulex  Irrltans,  the  common  flea,  also  dmws  blood  from  the  skin. 
At  the  point  where  it  hus  sucked  there  is  found  a  little  punctate  hiemor- 
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rliugc.     Ocaisioually  it  cau.s««  wheals  and  swetliiigs.     It  lays  its  eggs  in 
the  cracks  of  floors,  iu  sawdust,  etc. 

(6)  Pulex  penetrans  {SarcopnyJIa  penetram),  the  mudjffti,  occui-s  in 
South  Africa  iu  the  sand.  The  female  lays  her  eggs  in  the  skin,  thereby 
causing  an  intense  inflammation. 

(7)  riosquitos  provided  with  stinging  and  sucking  apparatus  (Cu^*H'< 
the.  and  Tipididte),  horM-flies  {Tabanidte).  and  flies  (Stomorsfida')  draw- 
blood  frequently  from  the  skin  of  man.     Various  flies  {(EntrUhe,  biting 
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lx)t  tVwH,  -V«*-i«/rt'  or  Uow-fiie»)  occasionally  lay  their  eggs  in  tbe  skin,  in 
iilceiti  iir  wounds,  or  in  the  accessible  body-cavities,  in  conaeqoence  of 
which  the  maggots  developing  oanse  local  destraction  of  tissue  and  in- 
datniuatioii  (Myfam*).  Under  certain  conditions  their  larv»  (forexample, 
thatof  .l»/A(Mni"«rrtH(>«/rtm,  Fig.  600)  may  get  iuto  the  intestinal  tract 
with  the  food  and  there  nndei^ofnrtherdevelopment  (niyinsw  inU^imatU). 
This  i<  csiHt-ially  likely  to  occnr  when  abnormal  conditions  which  inter- 
fere with  digestion  are  present  iu 
the  stomach  and  intestine.  The 
egg»  of  the  Htutridtr  (in  Enr«.>pr 
iisnally  of  Sarcophiia  vyakl/aiii  aini 
Musea  Tomitwria  [Fig.  601],  in 
^Vmerica  of  Comp9omyia  or  LmHU'I 
vutreUaria  [Fig.  602],  and  J/m-tx 
amthnypopltaga),  when  laid  apon 
the  macons  membranes  or  in 
wonnds,  hatch  after  a  few  faoiir^. 
and  cause  destruction  of  the  neigh- 
boring soft  parts  through  their 
efforts  to  obtain  noorishmeot. 
In  the  auditory  canal,  nose,  and 
antrum  of  Highmore  the  bones 
may  be  laid  bare  {mgiwii*  mvrma). 
In  the  courae  of  about  a  week 
the  laiA'te  leave  the  nlcers  and  pass  into  the  pupa  stitge  iu  the  earth.  The 
(EatritUr  (iu  Europe,  Hgpoderma  boritt  and  Hypodi^rma  lOana  ;  in  America, 
IkfTHMlobia  cyaiiinmlt-ia  [^Pig.  t>03]  or  riff«)-ftrti«ojrMi/w)  lay  their  eggs  upon 
wouudsoriutheintactskin.  Thelarvw,  hatching  very  soon,  penetrate  into 
the  cutis  by  means  of  their  hooklets,  and  after  several  sheddings  grow  in 
from  one  to  six  mouths  into  larger  larvie  about  2  cm.  long.  They  cause, 
partiienlarly  iu  their  later  stages,  painful  swellings  of  the  neighboring 
tissue  (mffiatiiit  letti-om). 

FantKile^i  bctouKuiic  to  the  Maaciiiit  and  (Estrultt  play  :i  more  imporuni  n'>tp  in  Tht- 
CUM  of  the  diNMSflc  aataMlS  than  in  idad;  and  the  krvs  o[  the  species  of  (fitfriK  in 
uarticulHr  occur  as  parasites  in  aninuik.  For  Exomplf.  the  larvv  c^  Gta/tTtrphilu»  n/m 
(Kig.  QU4).  t-iiiM.  ptcoritm  and  Gael,  hiemorrhoidalia  inhabit  the  stomach  and  aiijacenc 
porlioni)  i)[  (htj  iiilestiiial  tract  of  the  hoise.  where  they  complete  their  ilevetopmenr  iip 
to  tbe  pupa-staice.  when  they  leave  Che  anitnul. 

lEsCriM  ovto  lays  its  larva;  in  the  nasal  cavities  of  ^^heep.  whence  thev  owvwud- 
der,  under  certain  couilitions,  into  the  frootid,  oasol,  and  musiilury  eavitiev.  or  r^en 
into  the  orauial  cavity,  and  excit«  iiillammation. 

Hijpudenmi  or  It'slra*  bunn.  tbe  bitinK  tiy,  or  bot-dy.  lays  its  oiws  iipun  tbe  stiji  "i 
cattle.  Tbe  larva  bores  into  the  skin  and  euters  the  spinal  canal  of  c&ttle.  eomplrciiuE 
ben!  its  ilevelopuieiit  up  to  I  be  i>iipa-«taKe.  at  which  time  it  leaves  the  aninial.  Aceorl- 
intE  Ut  Hchnei-Iemuhl,  tbe  larvs  ilo  nut  always  enter  throufch  tbi>  skin,  hut  are  moir  ntlen 
laken  in  wilh  the  food,  wbereuuou  they  penetrate  throitidi  ti^  wall  of  Ibe  iRiuphacU! 
lowonJ  Ihe  skin  iuhI  spinal  cHiiaJ.  The  "latter  foQows  from  the  fact  rbat  they  are  fomw 
ill  tbe  wall  of  the  tesophaicus  from  <.)ctober  to  January,  anil  imder  the  skin,  on  the  ultrr 
haiHl,  from  January  to  April.     In  tbe  skin  they  cauae  the  so-called  ■'  dy-boil-." 

Sarniphila  axih^aiii  {Sarrttphaifii  jmufnijirti)  lays  its  larvx  upon  the  skin  of  bocF- 
dte«p,  cattle,  dofcs.  and  iceeNe.  Lacilia  rHactllana  lays  \ts  eggs  between  tbe  hind  le^oi 
lanibit  suffering  with  diarriKSH.  The  larva-  seek  the  thick-woaled  portiona  of  the  ran 
gf  ibv  tail  and  (he  lumbar  region  aud  bore  into  the  skin. 
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Abdominal  cavity,  faulty  closure  of,  520 
Abortion,  506 
Abrachius,  525 
Abiin,  poisoning  by,  26 
Abscess,  340,  364,  580 

burrowing,  368 

chronic,  368 

cold,  630 

congestion,  368 
Abscess-membrane,  364 
Acanthocephala,  747 
Acardius  acephalus,  541 

amorphus,  541 

pseudoaconnus,  541 
Acanna,  748 
Acarus  foUicuIorum  hominis,  750 

scabiei,  748 
Acervuloma,  437 
Acervulus  cerebri,  229 
Aceto-acetic  acid,  77,  79,  80 
Acetone,  77,  79,  80 
Achinis.  528 
Achorion  schOnleini,  685 
Achromatopsia,  52 
Achyla  prolifera,  687 
Acids,  corrosive,  22 

acid-intoxication,  79 
Acme  of  a  fever,  92 
Acne,  580,  750 
Aconitine,  poisoning  by,  29 
Acrania,  «513 
Acromegaly,  85,  270 
Actinomyces  or  ray-fungus,  550,  659 
Actinomycosis,  659 
Acuminate  condyloma,  367,  442 
Addiment,  119 
Addison's  disease,  87 

pigmentation  of  skin  in,  239 
Adenocarcinoma,  448,  468 

development  of,  462 
Adenocystoma,  448,  452 

papillary,  452,  453 
Adeno-cysts,  487 
Adenofibroma,  447 
Adenoma,  440 

alveolar,  446 

cardnomatosum,  468 

conversion  of,  into  a  carcinoma,  462 

papillary,  446 

tubular,  446 

umbilical,  522 
Adenomata  and  carcinomata.  difficulty  of 

distinguishing  between,  447 
Adenomyoma,  482 


Adenomyosarcoma,  492 

Adenosarcoma,  477 

Adipose  tissue,  atrophy  of,  193 

development  ot,  295,  296 

pathology  of,  193 
Adipositas,  49,  194 
Adrenalin,  87 
iEgagropilsB,  233 
^Equatorial  plate,  280 
Aerobes,  557 

Age,  predisposition  in  old,  47 
Agenesia,  180 

partial,  of  the  cranium,  513 
Agglutination,  120,  121 
Agglutination  of  colon  bacillus,  599 

of  t3rphoid  bacillus,  109,  597 
Agglutinins,  109,  119,  120,  121 
Aggressins,  39 
Agnathia,  518 
A^rotis  segetum,  687 
Air,  entrance  of,  into  the  right  heart,  70 

emboUsm,  70 
Albinism,  257 

Albuminoid  bodies,  protective,  105 
Alcohol,  poisoning  by,  28 
Alexins,  104 

protective,  105,  106,  1 19 
Algor  mortis,  169 
Alkaloids,  toxic  cadaveric,  33,  38,  557 

vegetable,  19 
Alveolar  sarcoma,  425 
Amboceptor,  119 
Amelus,  525 
Amides,  553 
Amido-acids,  553 
Amins,  553 

Amitotic  nuclear  division,  283 
Anmie,  716 

Anmion,  pathological  conditions  of,  500 
Amniotic  adhesions  a  cause  of  malforma- 
tions of  the  embryo,  50 
Amoeba  coll  felis,  690 

coll  mitis,  689 

coli  vulgaris,  689 

dysenteris,  689 
Amphibolous  stage  of  fever,  92 
Amphimixis,  59 
Amputation  neuroma,  301,  416 
Amyelia,  total  or  partial,  508 
Amyloid  concretions,  220 

degeneration,  214 

local  infiltration  of,  220 
Anabiosis,  1,  9,  10 
Amemia,  127,  133 
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Anaemia y  chronic,  127 
collateral,  134 
due  to  hookworm,  738 
due  to  tapeworm,  734 
general,  127 
focalized,  lit),  13:3 
Anaerobes,  5,11 
Anaplasia,  466 
Anaphylaxis,  122 
Anasarca,  151 

Anatomy,  general  pathological,  2 
Anchylostoma  duodenale,  43,  737 

americana.  737 
Androgynes,  536 
Anencephalia,  514 
Anencephalus,  total,  514 
.\neurism,  cirsoid,  402 
Angioma,  398 

arteriale  plexiforme,  402 
arteriale  racemosum,  402 
cavemosum,  400 
fissural,  399 
hypertrophicum,  402 
lymphaticum,  404 
plexiforme  arteriale,  402 
simplex,  398 

venosum  (varicosum),  411 
Angiomyoma,  410 
Angiosarcoma,  429 
Anguillula  intestinalis,  741 

stercoralis,  742 
Anhydrsmia,  127 
Anibne,  poisoning  by,  26 
Animal  diseases  caused  by  cocci,  584 

paraates.  42,  689 
Anopheles,  44,  710,  712, 
Antagonism,  bacterial,  552 
Anthomia  canicularis,  754 
Anthrax-bacilli,  589 

attenuation  of,  592 
Anthrax,  protective  inoculations  against, 
592 
symptomatic,  666 
Antibacterial  substances,  103,  109,  118 
.\ntibodies,  33,  104,  105 
Antimonv.  poisoning  by,  23 
-\ntitoxins, :«,  104,  108, 109,  112,  118, 119 
of  diphtheria,  117 
production  of.  122 
Anus,  condyloma  latum  of  the,  643 
.\plasia,  167 
Aprosopia,  517 
Apus,  525,  528 
Apyrexia,  92 
.\rachnida,  46,  48,  743 
Area  cerebrovasculosa,  514 
meduUovasculosa,  508 
Argas  reflexus,  751 
Argyria,  256 
Arrhinencephalus,  515 
Arsenicismus,  pigmentation  in,  246 
Arseniuretted  hydrogen,  poisoning  by,  26 
Arterioliths,  146 
Arteriosclerosis,  222 
Artery,  obliteration  of,  149 

terminal,  163 
Arthritis  urica,  231 


Arthropoda,  748 

parasitic,  43, 46 
Ascaris  lurobricoides,  735 

megak  ephala,  736 

raystax,  736 

suilla,  736 

vituli,  736 
Ascites,  153 

chylous,  166 
Ascococci,  549,  563 
Asiatic  cholera,  671 
Aq)ergillu8  flavescens  or  flavus,  41.  682 

fumigatus,  41.  682 

nidulans,  682 

niger,  or  nigricans.  683 
Aspergillus-mycoses,  682 
Asphyxia,  5 

local,  172 
Astrocyte,  301.  414 
Atavism,  55,  499 
Atheroma,  442,  519 

Atmospheric   pressure,   effect    of  ao  in- 
crease of,  14 

effects  of  sudden  lowering  of,  13 
Atresia  ani,  524 

ani  vcidcalis,  525 

ani  urethralis,  525 

ani  uterica.  525 

ani  vaginalis,  525 

oris,  518 

recti,  524 

urethne,  524 
Atrophy,  184,  369 

active,  187 

brown,  185 

degenerative,  186 

dimise,  7,  189 

excentric,  185 

impaired  nutrition,  188 

neuropathic,  189 

passive,  187 

pigment,  185 

pressure,  188 

senile,  188 

simple,  186 
Atropine,  poisoning  by,  28 
Attenuation  of  bactenal  virulence,  112 
Attraction-spheres,  281 
Auditory  apparatas,  pathological  nmili- 

tions  of ,  52 
Auditory  meatus,  cholesteatoma!  a  in.  44- 

mould-fungi  in,  679 
Autochthonous  pigment,  233 

teratomata,  496 

thrombi,  145 
Auto-intoxications,  75,  77 

enterogenous,  76,  77 

histogenotiB,  76 
Autolysin,  119 
Autolysis.  177,  191,  202 
Autolytic  ferments,  1  / 1 
Autosite,  545 
AwUail,  736 
Axis-cylinder,  sprouting  of,  304 

Bacillace^,  586 
Bacilli,  549,  586 
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HaciUi,  acid-fast,  621 

capsulated,  606 

pathogenic,  588,  589 

polymorphous,  588,  589 

saprophytic,  587 
Bacillus  acidi  lactici,  588 

a^rogenes  capsulatus,  605 

amylobacter.  588 

anthracis,  589 

botulinus,  587 

butter,  621,  629 

butyricus,  588 

caucasicus,  588 

cholenp  suis,  668 

eoli  communis,  598 

comma,  671 

cyanogenes.  588 

diphthcriir.  608 

dysenteriie.  601 

enteritidis,  600 

fluorescens  liquefaciens,  588 

icteroides,  614 

indicus,  551 

influeiizip,  607 

leprsp,  6-19 

mallei,  654 

mucfMUK  capsulatus,  60(5 

necrophorous,  660 

necroseos,  669 

necrosis,  669 

oniematis  maligni,  604 

paratyphosus,  600 

{x^rtussis,  60S 

pcstis,  612 

phlegmones  emphysematosa?,  604 

phosphoresccms,  551 

pneumoniae  of  Friedlander,  606 

prodigiosus,  588 

proteus  vulgaris,  587 

[)yocyaneus,  589,  601 

smegma,  621 

subtilis,  588 

sui  pest  if er,  668 

sui  septicus,  668 

tetam,  602 

typhi  abdomiiialis,  594 
Bacillus  of  anthrax.  589 

of  blackleg,  666 

of  bradsot ,  667 

of  bubonic  plague,  612 

of  chancroid,  614 

of  chicken-cholera,  669 

of  contagious  pleuropneumonia,  670 

of  diphtheria  of  calves,  669 

of  diphtheria  of  chickens,  669 

of  diphtheria  of  pigeons,  669 

of  glanders  and  farcy,  654 

of  hemorrhagic  septicaimia,  668 

of  influenza,  607 

of  leprosy,  649 

of  malignant  a-dcnia,  604 

of  mouse  typhoid,  668 

of  ozipua.  6(M> 

of  paratyphoid,  597 

of  pseudodiphtheria,  610 

of  pyelonepnritis  of  cattle,  669 

of  reindeer  plague,  670 


Bacillus  of  rhinocsleroma,  657 

of  swine-erysipelas,  667 

of  smne-plague,  668 

of  swine-septiciemia,  668 

of  symptomatic  anthrax,  060 

of  tetanus,  602 

of  tuberculosis,  615 

of  typhoid  fever,  594 

of  yellow  fever,  614 

of  whooping-cough,  608 
Bacteria,  32,  549 

acid-resisting,  621 

action  of,  559 

aerobic,  551 

anaerobic,  551 

association  of,  559 

att4*nuation  of,  560 

avenues  of  entrance  of,  34 

ctdtivatiou  of,  561 

degeneration,  forms  of,  551 

iiistribution  of,  34 

ectogcnic,  34 

endogenic,  34 

enzymes,  33,  556 

ferments,  33,  556 

intoxication  due  to,  35 

local  effects  of,  35.  562 

metastasis  of.  36,  559 

movements  of,  550 

multiplication,  550 

non-pathogenic,  33 

oligomor})nous,  549 

parasitic,  551 

pathogenic,  30,  33,  34,  55S 

phosphorescence  oif,  558 

polymorphous,  550,  588 

products  of,  3;?,  39,  556,  5.')7 

protection  against,  100 

red  sulphur,  553 

sapropnytic,  551,  564,  598 

spores  of,  551,  ,553 

structure  of,  550 

that  cause  suppuration,  341.  579 

toxins  of,  35 

transmission  to  fcptus  of,  559 
Bacteriacea*,  586 
Bacterifemia,  36,  37 
Bactericidal  antibodies.  105,  KM) 

immune-bodies,  109 

sera,  122 
Bacteriotrypsins,  556 
Hacteriolysins,  119 
Bacterium,  586 

coli  commune,  598 

lactis  a^rogenes,  6U7 

of  hsemorrhagic  6ojitica»mia,  6^S 

typhi,  694 

vulg^re,  587 
Balantidium  coli,  715 

minutum,  715 
Barber's  itch,  685 
Barbone  dei  bufali,  669 
Barlow's  or  Moeller's  disease,  160 
Basedow's  disease,  85 
Bedbug,  or  cimcx  lectularius,  7.V1 
Bedsore,  179 
Begffiatoa,  550 
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Bemen  tumors,  383 

Ben-Deri,  19 

Bezoar  stones,  233,  237 

Bieerminal  tissue-implantation,  -196 

Bile-pi|pient,  251 

Bilharzia  hafmatobia,  719 

BiUrubin,  251 

Biophores,  60 

Biros,  malaria  of,  711 

tuberculosis  of,  637 
Biting-mite,  751 
Black  death,  612 
Black  lEangrene,  178 
Black%.  666 
Bladder,  urinary,  papillary  epithelioma  of, 

441 
Blastoma,  371 
Blastomycctes,  41,  677,  681 
Blastomycetic  dermatitis,  41,  682 
Blastomycosis,  41,  682 
Blebs,  hflpmorrhagic,  159 
Blennorrhoea,  340 

of  the  eye,  582 
Blister,  329,  332 
Blood,  antibacterial  properties  of,  103 

coagulation  of,  135 

extravasations  of,  158,  243 

increase  in  mass,  127 

parasites  of,  693,  695,  707 

protective  powers  of ,  103.  109.  1 10 
Blood-cells,  red,  new  fonnation  of.  297 

white,  new  formation  of,  298 
Blood-curpiiscle  cells,  243 
Blood-corpuscles,  red  and  colorless.  298 
Blood-ciurent,  slowing  of,  138,  139.  320 
Blood-hyalin,  225 
Blood-plates,  140,  141 

escape  of,  from  the  blood-venseU.  :)23 

thrombus  of,  140 
Blood-poisons,  25 
Blood-pressure,  124 

increased  arterial,  128 

increased  pulmonary,  129 

lowered  arterial,  128 

lowered  pulmonary,  129 
Blood-serum,  bactericidal  action,  103 

immunizing  power,  112 
Blood-vessels,  alterations  of  walk  of.  320, 
346 

hyaline  degeneration  of  the  walk  of, 
222 

new  fonnation  of,  288 
Body-louse,  752 
Bone,  in  dermoid  cysts,  491 

necrosis  of,  365 

pathological  new  formation  of,  367  ' 

reproduction  of,  293 
Bone-marrow,  repnxiuction  of.  295. 299 
Bones,  supemiunerary.  ,)34 
Bone-tiasue.  new  formation  of.  293 
Bothriocephalus  conlatiut.  TiA 

felis.V34 

latus,  43.  732 

latus  iipiloiil^.  734 

latus  Mansoni.  734 
Botryococcus  ascoformans,  5S5 
Botryomycen.  ,>85 


Botryomvcosis,  585 
Botrytis  bassiani,  687 
Botmismus,  19,  587 
Brachygnathia,  518 
Brachyphalangism,  528 
Bradsot,  667 
Brain,  concussicMi  of,  16 

development  of.  516 

telangiectatic  tumor  of.  399 
Brain-hemias,  514 
Brain-sand,  228 

Brain-substance  in  dermoid  o-sts.  491 
Branchial  cysts.  519 

fistube,  518 
Breast,  see  also  Mammary  gltzr^i 

adenoma  of,  445,  446 
Breasts,  supernumerary.  534 

well-developed,  in'men,  5:(4 
Bronchial  calcufi,  234 
Bronchitis,  purulent.  339 
Bronchopneumonia,  339 
Brood-capsules,  727 
Buboes  in  plague.  612 
Bubonic  plague,  612 

protection  against.  115 
Budoing-fungi.  40.  677 
Budding  of  cells,  288 
Bums,  8 
Butter-bacilli,  621 

CACHEXLi,  5,  168 

suprarenal.  87 

thyreoprival,  82 

tumcnr,  384 
Cadaveric  alkaloids,  19 

petechia  or  bvidity,  132.  169 
Cadaverin.  33.  557 
Calcaneus,  chondroma  of,  392 
Calcification,  147,  226 
Calcium,  role  in  coagulation.  13S.  142 
Calculi,  bitiarv,  234 

bronchial,  234 

dental,  233 

intestinal,  233,  237 

prostatic,  234 

salivary,  233 

urinary,  235,  237 
CaUus,  269.  362 
Calmette's  theory  of  anthracosis.  6:i7 

tubercuhn  reaction.  622 
Calvarium,  atrophy  of  the.  187 
Cancer,  see  also  under  Cam  noma,  455 

cells,  457 

cells,  h^ropic.  192.  475 

cylindncal-celleii.  472 

endothelial,  428 

etiology  of.  456,  458 

flat-ceUed,  469 

horny.  470 

medullary,  472 

milk,  157 

plugs.  468 

umbilieation.  458 
Cancroids,  466 
Cantharidin.  22 

Cart>on-dioxide.  inlluence  «if.  upon  den*)- 
opment  uf  bacteria*  551 
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Carbon-monoxide-gas  poisoning.  4,  25 
Carbon-bimilphide  poisoning,  26 
(^arcinoma,  455,  46S 

acinomim,  472 

adenomatosum,  468,  472 

basal-oelled,  471 

branchio^nic,  488 

calcification  in,  476 

chorionic,  474,  484 

colloides,  474 

cylindrical-celled,  472 

cylindromatoBum,  475 

development  of,  455.  460,  465 
in  adenoma,  462 
in  glands,  462 
in  mucous  membranes,  461 
in  papillary  epithelioma,  463 
in  skin,  460 

diflferent  forms  of,  467 

dunrni,  473 

etiology  of,  456,  458 

formation  of  metastases  in,  480 

gelatinosiim,  474 

eiganto-cellulare,  475 

healing  of,  477 

hyaline  degeneration  in,  475,  476 

implantation  of,  484 

infiltration  of,  457,  480 

medullare,  472 

metastasis  of,  457,  480 

mucosum,  474 

myxomatosum.  475 

papilliferum,  478 

parasites  a  possible  cause  of,  456,  458, 
705 

petrifying,  476 

phyBaliferum,  475 

placental,  465 

recurrence,  484 

retrograde  changes  in,  457 

scirrhosiim,  473 

simplex,  472 

solidum,  46S 

Bqiiamoufr-celled,  469 

structure  of,  467 

subcutaneous,  488 

transplantation  of,  484 

tubular,  4/2 
Carcinomata,  455 

complete  petrification  of,  476 
Cardiac  muscle,  new  development  of,  302 
Caro  luxurians,  369 
Cartilage,  hyaline,  reproduction  of,  293 

in  dermoid  cysts,  482 

metaplasia  of,  315 

pigmentation  of,  241 

transformation  of,  into  reticular  tis- 
sue, 315 
Caseation,  175.345 

in  tubercles,  620 
Castration,  effects  of,  88 
Catarrh,  329 

chronic,  368 

desquamative,  332 

mucous.  332 

punilent.  332,  340 

serous.  331 


Cattle,  actinomycosis  of,  659 

tuberculosis  of,  637 
Cattle-pest,  1 14,  585 
Cattl€^-plague,  115,  584 
Caustics  or  corrosive  agents,  22 
Cavernous  tumor,  400 
Cavity-formation  in  tuberculosis,  630 
Cebocephalia,  515 
Cell-division,  280 
Cell-protoplasm,  division  of.  282 
Cells,  hyaline  products  of,  225 
Central  corpuscles,  280 

group, lis 

nervous  system,  regeneration  of,  303, 
306 
Centrosomes,  280 
Cephalocele,  514 
Cephalothoracopagus,  542 
CercarifiB,  716,  717 
Cercomonas  iutestinalis,  692 
Cerebrospinal  canal,  deficient  closure  ol. 
513 

meningitis,  epidemic,  577 
Cerebrum,  glioma  of,  413 

malformations  of,  514 
Cestoda,  721,  742 
Chain-cocci,  550,  563,  565 
Chancre,  hard,  642 

soft,  614 
Cheese-poisoning,  19 
Cheesy  degeneration,  175 
Cheilo-gnatho-palatoschisis,  517 
Chemicals,  as  producers  of  suppumtion, 

342 
Chemotaxis,  348,  554 

and   chemotropismus,    negative   and 
positive,  102,  348 
Chemotropismus,  348 
Chicken-cnolcra,  669 

immunization  against.  113 
Chilblains,  9 

Children,  predisposition  of,  47 
Chills,  91,  93 
Chionyphe  Carteri,  665 
Chloasma  uterinum,  238 
Chloral  hydrate,  poisoning  by,  28 
Chloroform,  poisoning  by,  28 
Chloroma,  435 
Chlorosis,  Esjyptian,  738 
Cholsmia,  76 
Cholera,  Asiatic^  671 

protective  inoculations  against,  114, 
674 
Cholerarred,  674 
Choleratoxopeptone,  674 
Cholesteatomata,  442,  486 
Cholesterin,  203 
Cholesterin-calculus,  234 
Cholin,  38,  557 
Chondroacienoma,  492 
Chondroblasts,  2<)2.  293 
Chuudroi tin-sulphuric  acid,  216 
Chondroma,  391 
Chondromyxoma,  387,  393 
Chondromyxosarcoma,  392 
Chondrosarcoma,  393,  492 
Chordoma,  393 
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(*horioepitbeliomti.  4<i(),  47  4.  494 
Chorionic  >'illi.  carfinonmtous  transfoniui- 

tion  of,  46.> 
^hromaffinic  cells.  SS 
Chromatin,  2S0 
Chromatophores.  239,  4.'}:$ 
Chromosomes,  28() 
Chylanidoma,  405 
Chylopericaniium.  166 
<'hyluria.  166 

Cicatricial  tiflsue.  274.  847.  3o4 
Cicutoxin,  poisoning  hv.  28 
filiates,  715 
Cimex  lectulanuH,  7i<> 
Cinnabar,  in  a  tattooetl  skin,  25o 
Circulatiun,     collatenl,   tlevelopment    of. 
13:),  134 

of  the  blood  anil  of  the  lymph,  dis- 
turbances in,  124 
Cirrho6is  of  the  liver.  370 
<  irnifi*,  723 
Cimis-sac  of  Bothriocephalus  latiLS,  7:^2 

of  ta>nia  solium,  723 
Cirsoid  aneiurism,  403 

neuroma.  41S 
Cladothrix.  5.iO 

aateroides.  665 
Clavus.  269 
Clay  eaters,  739 
Cleft-foot,  528 
CMeft-hand,  528 

(;ieft  of  the  abdominal  wall.  521 
Clefts,  504 

ojf  the  face,  median,  518 

of  the  face,  oblique,  517 

of  the  thorax.  521 
Climate,  influence  of,  upon  man.  32 
Clitoris,  malfonnations  of.  524,  5^37 
Cloaca,  formation  of.  52 1 
Clostridium,  549,  586 

butyricum,  588 
Clothing-louse,  752 
Clots,  post-mortem,  135 

lardaceous,  135 
Clouilv  swelling,  190 
(lubbed-hand,  530 
Club-foot,  con^nital,  529 
Clustereii  cocci,  549 
(*oagula.  substitution  of,  l\6l 
Coagulation,  135.  136.  141.  322 
Coagulation-necrosis,  171 
Coagidins,  119 
( 'ocaine.  poisoning  by.  28 
Cocci  or  coccaceap,  549,  ,")l»3 

pathogenic.  564,  .365 

saprophytic,  564 
Coccidia.  42.  701 

reproduction  of.  704 
(/occidioidal  granuloma,  41 
Coccidium  fuscum,  705 

oviforme,  101 

schubergi,  704 
Coccus  mesenterioides,  5t)4 
Coccygeal  region,  bigenninai  teratoma  of, 

Coenurus  cerebralis.  72t» 
Coitus  disea.'ae.  697 


Colchicine,  poiiioning  bv.  2!l 
Cold,  effects  of,  9 

abscesses.  630 
Colds,  9 
Collateral    circulation,    tlevelopment    nf. 

133.  VM 
(  olles'  law.  62 
Collidin,  38.  557 
Colliquation-necroeis.  176 
(  oUoid.  209 

cancer.  474 

different  uses  of  the  term,  211 

production    of.    br    epithelial    cdb. 
210 
C*olor-blindness.  52 

Coloriess  blood-corpuscles,  eniigration  cif. 
321 

increase  of.   relativelv    to    the   rp<i. 
321 

marginal  dispontion  of.  321 
Coma  diabeticum,  79 
Conunotio  cerebri,  16 
Compensatory  hypertrophy.  8,  127.  26K 

of  the  heart-muscle.  127.  268 
Complement.  119 
(*ompHomyia.  754 
Conceptional  infections.  61 

ot  syphilid,  62.  648 

of  tiiberruliKa.s.  636 
Concretions.  226 

amyloid.  220 

calcareous.  228.  237 

free,  in  the  body.  2:5:5 

uric  acid.  235.  2:J7 
Couctissions.  effects  of.  16 
Condvloma  acuminatum.  367,  442 

latum,  643 
( \)ngenital  predispocntion,  46 
Congestion.  130 
Congest ive-absees6.  368 
Conglutination.  140 
Conitiia-bearers.  67S.  6.S0 
Coniilia>sporPs.  678 
(\>niine.  poisoning  bv.  2!* 
Connective    tissue,   livaline    <iegener.sri<u 
of,  222 

transformation  of.  into  bone.  3 IT* 
Connect! ve-ti&sue  stnirturp^,  rpgenera't' n 

of.  2^M 
Constitutio  epidemica,  Xi 

lymphatica.  89 

pestilens.  'yii 
Constitutional  diseases.  49.  81 
Contaidon.  definition  of.  :{l) 
Contasdum  animatimi.  32 
Continuous  fever,  92 
Couvalesi-euce.  92 
(^opnemia.  76 
Copula,  710 
Vor  vill<»simi.  :i:« 
Cordvceps  militanH.  fiH7 
Corn"  213.  26!) 

(^omification  ol  epithelium.  21.!.  44;».  ?•' 
Comu  cutaneimi.  264.  441 
Comutin.  23 
Corpora  amylacea.  220 
Corpulence.  49 
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Corpus  luteuin.  function  of,  SO 
t'orrosive  agents,  22 
Corynebacteriuin,  610 
('otton-niill  anosmia.  730 
('owpox.  Ill,  705,  707 
Cows,  tubt^reulous,  milk  from,  (>SS 
('Rib-louse,  752 
Craniopagiis,  542 

frontalis,  542 

occipitalis,  542 

parietalis.  542 
Craniorachischisis,  513 
( -ranioschiflis,  513 
C'raniiini,  faulty  development  of,  513 

partial  agenesia  of,  513 
Crayfish  pest,  687 
( 'reuothnx,  550 
( 'retinisni,  83 

operative,  83 
(Visis,  in  fevers,  92 
( 'rossed  embolism,  65 
(Voupous  exudate,  332 

membrane,  formation  of,  on  mucous 
surfaces,  333 

pneumonia,  335,  577 
Cruor,  135 

Cryptogenic  infections,  41,  573,  580 
Cryptorchismus,  531 
Culex  pipiens,  698,  712 
( 'ulicito,  753 

(.'ulture,  methods  of  bacterial,  561 
Curarinc,  poisoning  by,  20 
Cutaneous  horn,  264,  411 
( 'uterebra  noxialis,  754 
Cyanosis,  125,  132 
<  'yclencephalia  or  cyclocephalia,  515 
Cyclopia,  515 

Cylindrical-celled  cancer,  472 
Cylindromata,  438 
Cyst  adenoma,  418 

multilocular.  448 

papillary,  448 
C  "yst-f ormatfon.  258 
Cystioercus  bovis,  725 

ceUulosa*.  724 

pisiformis,  726 

racemosus,  724 

tenuicollis,  726 
Cystin,  77 
Cystin-calculi,  237 
Cystocarcinomata,  478 

papilliferum,  478 
(  yst  of^echinococcus,  728 
Cystofibroma,  453 
Cystomata,  448 

multilocular,  448 

papillary,  448 

simplex,  448 
Cystomyxoma,  453 
Cystosarcoma^  453,  492 
Cysts,  branchial,  486,  579 

degeneration,  260 

dermoid,  485,  490 

ectodermal,  485 

entodermal,  486 

mesodermal,  486 

retention,  258 


Cysts ,  simple  teratoi<l,  485 

traumatic  epithelial.  466 
Cyst- worm.  727 
Cytase,  104,  119 
Cytolysins,  120 
Cytotoxin,  120 

Daltonism,  52 

Darier's  disease,  70,> 

Darwin,  56 

Daughter-cysts  of  echinococcus,  728 

Daughter-stars,  281 

Daughter-tumors,  380 

Deaf-mutism,  52,  53 

Death,  1,  16S 

apparent,  1.  170 

spots,  132,  169 
Decomposition,  169,  5.'>7 
Decubital  necrosis,  173 
Decubitus,  173,  178 
Deer-disease,  670 
l>efect,  269 

I^efervescence,  period  of,  in  fevers,  92 
Degeneration,  amyloid,  214 

collot<l,  209 

fatty,  193,  198 

granular,  190 

glycogenic,  205 

hyaline,  209,  222 

hydropic,  192 

lardai*cHHis.  214 

mucoid.  207 

parenchymatous,  190 

waxy,  175 
Degenerations,  167,  186 
Deiter's  cells,  304 
Demodex,  750,  752 
Dermanyssus  avium,  751 
Dermatobia  cyaniventris,  753,  754 
Dermatocoptes,  751 

communis,  751 

cunicuH,  751 
I>ermatocyst8,  485 
Dermatomycosis  diffusa  floxorum,  686,  687 

furfuracca,  686 
Dermatophagus.  751 
Dermatoryctes  mutans,  751 
Dermoid  cysts,  486,  490 
Dermoids,  486,  491 
Desmobacteria,  549 
Desmoid  tumor,  385 
Destnictive  placental  polyps,  466 
Determinants  or  determining  pieces,  (K) 
Deuterotoxin,  610 
Development,  di8turbanct\s  of,  498 
Diabetes  mellitus,  79 
Diabrosis,  159 
Diape^lesis,  160,  322,  324 
Diastatic  ferments,  556    ' 
l)iast«matomvelia,  51 1 
Diathesis,  hsemorrhagic,  160    ^  ■*' 
DicephaluB  and  diprosopus,  542 
Digestive  juices,  action  upon  toxins,  08 
Digitalin  and  digitalein,  poisoning  by,  29 
Dimethylamin,  38 
Diphtheria,  608 

bacillus  of.  60<S 
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DiphtheriA,    blood- serum    treatment    of, 
112,  114, 115 

columbarum,  660 

of  calves,  669 

of  chickens,  660 

of  pigeons,  669 

toxin,  610 
Diphtheritic  inflammations.  344 
Diphtheritis,  344 
Diplococci,  549,  563,  575 
Diplococcus  intraoellularis    meningitidis, 
577.585 

lanceolatus,  575 

pneumonia;  ( F  r  a  e  n  k  e  I ,   Weichsel- 
baum),  575 

rheumaticus,  574 
Diprosopus,  542 
Dipygus,  543 

parasiticus,  547 
Disease,  extrinsic  causes  of.  4 

^neralization  of,  63 

mtrinsic  causes  of,  53 

invasion,  42 

latency  of,  1 

sequeue  of,  72 

spread  of,  63 

tne  g3m3ptoms  of,  1 

trophoneurotic,  74 
Diseases,  cause,  origin,  ami  course  of,  1 

congenital,  44,  53,  61 

constitutional,  49 

general,  75 

mheritable,  44,  48,  53,  58 

intrinsic,  48 

local,  2 
Displacement  of  tissue  as  a  cause  of  tumor- 
formation,  376,  485 
Dispora  caucascia,  588 
Distoma  felineum,  719 

haematobium,  719 

hepatlciun,  716 

lanoeolatum,  717 

pulmonale,  718 

sibiricum,  719 

spathulatum,  718 

westermanni,  718 
Distomia,  518 
Disuse  atrophy,  189 
Diverticulum,  Meckel's.  521 
Dochmius  duodenalis,  737 

stenooephalus,  740 

trigonocephalus,  740 
Double  monsters,  539 

symmetrical,  541 

unequal,  541,  545 
Dourine,  697 

Dracunculus  medinensis,  746 
Drill-bone,  397 
Dropsy,  151 
Druse,  660 
Ductus  thoracicus,  obstruction  of,  166 

occlusion,  154 

rupture  of,  166 
Ductus  omphalomesaraicus,  522 

thvreo^lossus,  486 
Dung-fungi,  621 
Duplications,  532 


Duplicitas  anterior,  54 1 

parallela,  543 

posterior,  542 
Dura  niater,  endotheliooia  of,  427 

osteoma  of,  396 

psammoma  of,  437 
Dust-diseases,  16,  367 
Dust-particles,  entrance  uf,  into  the  hoily, 
65,256 

metastasis  of.  65 

protection  agaiust.  98 
Dwarfs,  49,  181 

formation  oi^  181 
Dyschromatopsia,  52 
Dyscrasia,  168 
Dysentery,  badllary,  601 

due  to  anMsbee,  fj90 

of  calves,  669 
Dystopia  renis,  531 

Ear-scab,  751 
Ebumeous  osteoma,  394 
Ecchondrosis,  392 

physalifera  ^benoocripi talis.  393 
Ecchymoaes,  158 
Echinococcus  alveolaris,  730 

granulosus,  729 

hydatidosiis,  729 

multilocularis,  730 

scolecipariens.  729 

veterioorum,  729 
Echinococcus-cyst,  43,  728 
Echinorhyncus  gigas,  747 
Eclampsia,  77 
Ectodermal  cysts,  485 
Ectogenic  bacteria.  34 
Ectopia  cordis,  521 

cruralis,  531 

cruroscrotaUs,  531 

inguinalis,  53 

interna,  531 

intestini,  521 

pubica,  531 

testis,  531 

vesioe  urinaria*.  521 
Eczema,  580 

marginatum,  686 
Effusion8,  chylous,  166 

inflammatory,  329 

purulent,  340 
Egyptian  chlorosis,  738 
Ehruch's  side-chain  theory.  11$ 
Elastic  fibres,  development  of,  292 
Electric    discharges,    powerful   *»ffect  of. 

157 
Elephantiasis,  263,  269,  307,  531.  747 

Graecorum,  649 

hsemangiomatoMi,  263,  401 

iipomatosa,  263 

Ijrmphangiectatica,  263 

neuromat-osa,  263,  417 
Embolism.  64,  65,  68,  149 

air,  70 

crossed,  65 

fat,  67 

paradoxical,  65 

retrograde,  65 
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Kiii1>olus,  riding,  68 
Heptic,  148 
straddling,  68 
Rmbryoid  tumors,  492 
Kmbiyoma,  492 

Kmbiyonai  tissue,  transplantation  of,  311 
Embryonic  tissue,  291 

development  of,  in  a  thri»mbo6e<l  ar- 
tery, 362 
Kmifration  of  white  cells.  321 
Kmpnysema  of  the  sldn,  70 
Kmphysematous  gangrene,  1 78,  604 
KnipuMi,  varieties  of,  687 
Empyema,  340,  364 
Encephalocele,  514 

Encephalomeningocele  nasofrontalis,  ol4 
Knchoudroma,  391 
Encraniui^.  5-47 
End-artery,  132,  163 
Endocarditis,  571 
Endochondritis  syphilitica,  648 
Endothelial  cancer,  428 
Endothelioma,  425 
faiemangiotic,  482 
lymphangiotic,  425 
Endothelium,  proliferation  of,  288 
Endotoxins,  33,  39,  557 
Engastrius,  547 
Enostoses,  394 
Enterocysts,  487 
Knt^roffenous  intoxication,  70 
Enteroliths.  233 
Entodermal  epithelial  cysts,  476 
Entodium  caudatum,  715 
Entogenic  parasites,  31 
Kntozoa,  42 
Enz^es,  39,  98,  556 
Eosinophile  cells,  225,  744,  745 
Ephelides,  406 
Epidemic,  definition  of,  31 
Epidermoids,  443,  485 
Epigastriiis,  547 
Epignathus,  547 
Epipygus,  546 
Episp^ias,  521,  524 
Epistaxis,  156 

Epithelial  cysts,  ectodermal,  entodermal, 
and  mesodermal,  478 
after  transplantation,  312 
dermoid,  478,  490 
epidermoid,  478 
traumatic,  466 
Epithelial  pearls,  213,  442,  470 
Epithelioid  cells,  301,  351,  609,  618 
Epithelioma,  440 

adenoniatosum  benignum,  440 
oontagioBum,  702 
papillary,  440,  442 
syncytiomatodes,  495 
Epithelium,  atypical  growth  of,  in  carci- 
noma, 455 
hyperplasia  of,  286 
metaplasia  of,  318 
misplaced,  development  of  a  canw?r 

from,  465 
pathological  comification  of,  212,  4  43 
protective  powers  of,  97,  100 


Epithelium,  regeneration  and  hvperplasia 
of,  286 

transplantation  of,  310,  486 
Epizoa,  42,  752 
Ergotism,  23 
Erysipelas,  567 
Erythema  multiforme,  571 
Erythrasma,  41,  686 
E^hroblasts,  297 
Erythrocytes,  regeneration  of,  297 
Erythrocytoljrsis,  136 
Eiythrocytorrhexis,  136 
Ervthrocytoschisis,  136 
Etner,  poisoning  by,  28 
Ethmocephalia,  515 
Ethmoid  bone,  osteoid  sarcoma  of,  435 
Ethylendiamin,  38 
Etiology,  I 
Eumyoet^s,  40 
Eurotium,  680,  683 

malignum,  680 
Eustrong^lus  gigas,  740 
Eventration,  521 
Exencephalus,  514 
Exhaastion  due  to  excessive  functional 

activity  of  an  organ,  6 
Exostosis,  265,  394,  532 

cartilaginous,  395 

connective-tissue,  395 
Exstrophia  intestini,  521 

vesicse  urinaria;,  521 
Extravasate,  158 
Extravasations  of  blood,  158,  242 
Extremities,    defective    development    of, 
525 

duplication  of,  532 
Exudate,  cellular,  326 

croupous,  332 

fibrinopurulent,  341 

fibrinous,  332 

hfemorrhagic,  337 

purulent,  340 

serofibrinous,  33lr 

seropunilent,  341 

serous,  331 
Exudates,  absorption  of,  346,  361 
Exudation,  320 
Eye,  I'egeneration  processes  in,  307 

Face,  malformations  of,  517 

Facial  hemiatrophy,  189 

Facies  Teontina  in  leprosy,  651 

Facultative  anaerobes,  551 

Fallopian  tube,  dropsy  of  the,  260 

Farc^,  654 

Fastigium,  92 

Fat-emboUsm,  67 

Fat-granule  cells,  197 

Fatigue,  7 

Fats,  the,  197,  2a3 

Fat-sjmthefds,  197 

Fat-tisHue,  atrophy  of,  193 

new  formation,  295 
Fat-transportation,  201 
Fatty  degeneration,  198 

deposit,  193 
Favus,  41,  685 
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uit4frouttecu»,  1>2 
malariaiomiis,  712 
i|uartaiia«  707 
quotkiiana.  707 
n?curren«.  9J 

subouQtmiu*«  92 

tertuuia.  707 
!•  wfc.  ;*bn«>mKU  puttitiuns  i»f,  .>2.>.  .Vi*) 
Felt-liRiM^.  752 
Femur.  abc<eace  of,  527 
Fenueutatu)tt«  a»i6,  J37 
Ketiut*ut:»,  iluftstaktic  ami  invt>rrin«s.  Xrt^ 

Kever.  90 

bt&etencitUil  action  i>f.  I  (O 

black.  HOS 

blackwater  711 

cachectic,  (59H 

ct>ntinuoutf(»  92,  709 

ctioloiK^,  9a 

intenmtteat»  02 

tnalarial.  the  caune  of.  7i)7 

uaturv  of.  95 

reUfMiiuc.  ^M.  t»:s 

renu^teat.  92 

:M»riet.  705 

3taice(«.  VU 

!«tibcoiitiiiuoiii»,  92.  709 

typhut*,  705 

yellow,  cautfe  of.  *M  4,  liOO 
Flbrulateti  connective  rij(«n*.  ilevplopnient 

uf.  291 
Kibriii,  I3t> 
Kibn»-ft?niieat.  1:57.  U2 

metubratie.  140 
Fibruioieecuc  subt»tauce.  I-tS,  142 
Kibmiopunileut  cxmlatcK.  :Ut 
blbrinous  <Iepo^^s,  :$:$2 

e\Uiiatet»«  ^il$2 
Kibro-adeui»tiAa.  447 

conversion  of.  into  a  i*Hrt*iut>uia,  4(i4 

iiitmcaualicuiar.  447 

papilliferuai,    447 

pertcanalicuiar,  :i8t>.  t  IT 
Kibroblajrts,  292.  351 
Kibro^ithelioma,  papiUurv.  442 
KibroIi|>oma,  :i80 
b  ibroitia,  38.^> 

iittracttaalieulare.  447 

midtiple.  :i87.  4I(> 

imiematous,  ^ibb 

pttpillaftf.  442 

pencaaaliculare.  :$8*>,  M7 
FibromatutfiH  of  the  uerv's  417 
Kibrotuyoaia»  41 1 
Kibt^iiuyxoitta^  387 
b  ibroeareouia,  -VXi 
Kilana  baucrofti.  im.  2H9.  747 

haimatiGa,  747 

hwiuurrhagica,  74^ 

nieUineutaK  746 

rnuItipapiUufia^  74ii 

|>apUlo6a,  747 

iaitipiinis  hottitni>««  IHi*.  71i> 
KiincerN  <lMrarfiiJic  '*(*  52H 


I'  Lugers,  nialformatioiLs  of,  52S 

muiti^cation.  532 
Finkfer-Prior  spirilla,  •574 
Finsen  b^t-treatment,  10 
First  intention,  repair  by.  357 
Fi^^h-paiaoDing,  19 
Fistaion-fimeL,  549 

methof^  of  examininif .  5H0 

pathoffenic,  55S 
Kisstira  abdominalis.  520 

abdominalis  intestinaibi.  521 

^pniitalis,  .321 

:itemi.  521 

vesicap  arinanae.  521 

vesico-intestinaliH,  521 
Fi£»tiila  coin  coniBenita,  5IH 
Fistulotuii  tracts,  340 
Fla»eella,  550 
FlaiceUates.  691,  693 
Flat  f.MJt,  530 
Flea,  or  pulex  irritanff.  7511 
blemmingV  jEennH?en*res.  29K 
Fleshy  mok».  406 

wart.  406 
Flies,  bitini:  tCEstriila-^,  7.xl 

blow  (^Ui)cidse\  754 

bot    CE^ritis'*.  7515 

common  '.Sromox3rili]e^.  7^1 

f^in^pnsc  iMuscijiap).  751] 
Foamy  liver.  605 

oneans.  64)5 
F<etal  jdantb.  persistence  of.  4}i7 

gjaniia,   renuuna.  deveiopmcor    ' 
cancer  frnoi.  AHiS 
FcBtus  papyraceua.  54L 

syphiliric  infection  ijt.  by  .*irh»-r 
sperm  or  the  ovum.  648 
Food,  etfect*  of  lack  of.  5 
Foot-an«i-mouth. itiaease.  Hi.  5)!*5.  •%«' 
Foot,  cleft,  52!* 

Fooifa*.  potBoninK  by  spotleti.  l*> 
Foot-iU'h  of  chickens.  751 
Foreign  body  in  infiammudon.  -M 

in  cyst."2H0,  351] 

in  ^^ant-rell^  :$51! 
Formative  ceils.  292 

^imiiii,  277 
Fowl6»  typhoid  of.  66l» 
Fracmentation.  2S3 
Freckles,  2:J9.  406 
Freezinie,  effectsi  of.  'l 

>Qui|Erene  due  to.  17^* 
Frtedlander  *j  pnenmobactlhi^v  *W 
Frojc  foetus*  513 
Fucb4miphile  boilie**.  224 
Fiuigous  i£raaulatifn».  -itHf 
Funena  uunlullaris^  373 
Fiurriude,  i80 

<.u\DiMiN,  38.  557 

<jaU>duct»,  adenoirvstoma  o(.  *4?» 

Gan-^tones,  2:i4 

(.tambtt  fever.  697 

Gangiion^oeUs*  Qen-ftimmncin  «a.  ^^'' 

Uanovne,  178^ 

black.  17H 

drv.  TTH 
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-an^jrene.  omphvKeniatous,  174,  G08 

<liic  to  freezing,  1 79 

<lu<»  to  heat.  179 

iiifectiouH,  179 

inarasmic.  179 

moist,  17S 

neuropathic,  179 

pressure,  179 

putrid,  178,  345 

senile,  179 

symmetrical,  179 

toxic.  179 

white,  178 
gangrenous  inflammation,  345 
»SLS,  irrespirable,  23 
was-phlcgnion,  604 
■astropachia  pini,  687 
Jastrophilus  ecjui,  754 

hsemorrhoidalis,  754 

pecorum,  754 
Txastroechifiis,  520 
Genitals,  external,  development  of,  538 

malformations  of,  523 
(Jerm-centres  of  Flemniing,  298 
Germ-sac,  primary,  716 

seconciary,  716 
Germ-variation,  primary,  ;>8,  499 
(lerminal  anlage,  misplace<l.  4K5 
( ferminal  transmission  of  disease,  61 
(fiant-ceil  sarcoma,  423 
(Uant-celLs,  283,  353 

embolism  of,  69 

foreign  body,  353 

in  tubercles,  618 

multinuclear,  283,  353 

plasmodial,  283 

syncytial,  284 
Giant  growth,  general,  49,  262,  531 

growth,  partial,  262,  531 
(iiants,  49,  255 
Girald^s,  or^n  of,  538 
Gland-activity,  cessation  of,  79 
Glanders,  654 

(ilia-cells,  new-formation  of,  304 
Glioma,  413 
Glioma tosis,  415 
Gliosircoma,  41 4 
Cilobulicidal  antibodies,  105 

serum,  120 
Glossina  morsitans,  697 

palpalis,  697 
(Jlycogen,  204 
Cilycosuria,  79 

Gnats  (Culicidse  and  Tipulidae),  753 
(;oblet-cell8,  207,  453 
fioitre,  84 

exophthalmic,  85 
Gonococcus,  582 
(ronorrhoea,  cause  of,  582 
(iout,  49,  77,  231 
Gouty  deposits,  77,  232 
Granula,  241 

Granular  degeneration,  190 
Granulation  tissue,  347,  353,  354 

formation  of,  354,  359,  363 
Granulations,  chronic,  368 
hngus,  369 


Granulation  tumors,  infectious,  368 
(Granules,  hyaline,  224,  225 
Granuloma,  coccidioidal,  682 
Granulomata,  369 
Grape-mole,  465 
Grass-bacilli,  621 
Gravel,  235 
Graves*  disease,  85 

Greenish   coloration   in   decomposing  ca- 
davers, 170 
Grossammen,  716 
Ground  itcli,  738 
Growth,  causes  of,  277 
Guinea- womi,  746 
Gumnmta,  -645 
(iyna»comastia,  534 

HifiMANGIO-ENDOTHELIOMA,  402,  429 

Hsemangioma,  398 

cavemosum,  410 

hvpertrophiciun,  412 

plexiforme,  402 

simplex,  398 
Htemangiosarcomata,  431 
Hsemangiotic  endothelioma,  402,  432 
HsBmatemesis,  158 
Mffimatidrosis,  158 
Hspmatocele,  158 
Hffimatochyluria,  747 
Hiematoidin,  243 
Hematoma,  158 
Hsematometra,  158 
Haematomonas,  695 
Ha^maturia,  158 
Hemochromatosis,  242,  247 
Haemofuscin,  238,  240 
Hsmoglobin,  243 
Ha?moglobinffimia,  246 
Hemoglobinuria,  246 
HaBmolysin,  25,  120 
Haemolytic  poisons,  25,  26 

sera,  105 
Hsemopericardium,  158 
Hemophilia,  60,  150 

acquired,  160 

congenital,  50,  160 

of  cattle,  712 
Hsemoproteus  noctuse,  698 
Hsemopto^  or  hemoptysis,  158 
Hemorrhage,  158,  236 

diabrosin,  159 

diapedesin,  159 

rhexin,  159 
Hemorrhagic  enteritis,  587 

septicemia,  668 
Hemosiderin,  244 
Hemosiderosis,  247 
Hemosporidia,  707,  711 
Hemothorax,  L>8 
Hair-fungi,  550,  665 
Hairs  in  dermoid  cysts,  486,  496 
Hairy  polypi,  495 

tongue,  213 
Halteridium,  698 
Hand,  cleft,  528 

clubbed,  530 

malformations  of,  525 
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Hands,  abnormal  positions  of,  529 

Hanging-drop  cultures,  562 

Haptins,  39,  120 

Harelip,  517 

Harvest-mite,  752 

Hay-fever,  46 

Head,  malformations  of,  513 

Head-louse,  752 

Healing  by  first  intention.  357 

by  second  intention,  357 

powers  of  the  human  body,  108 

serum.  113 
Heart,  action  of,  124 

disturl)ed  action  of,  125 

fibroid  area  in,  363 

increased  action  of,  127 

valvular  lesions,  126 
Heart -muscle,  compensatorj'  hypertrophy 
of,  127,  267 

hypertrophy  of,  127 

})igment  of,  246 

rigor  mortis  of,  170 

tiger,  201 
Heart  poisons,  28 
Heart-poljrpi.  145 
Heat-exhaustion,  8 
Heat-stroke,  8 
Helcosoma  tropicum,  699 
Helleborin,  poisoning  by,  29 
Helvellic  acid,  poisoning  by,  26 
Hemiatrophy,  congenital,  189 

facial.  189 

infantile,  189 
Hcmicrania,  514 
Hepatitis,  chronic,  370 
Hereditary  pieces  or  determinates,  60 
Hereditary  transmission,  atavistic,  55 

collateral.  55 

direct.  54 

pseudo-form  of,  61 
HerwUty,  degenerative,  54 

identical.  54 

theories  concerning,  55,  56 

transformational,  54 
Hermaphnniism,  false,  535 

true.  535 
Hernia  basalis.  515 

cerebri,  514 

funiculi  umbilicalis,  520 

lateralis,  515 

nasoethmoidalis,  515 

nasofrontalis,  515 

nasoorbitalis,  515 

occipitalis,  514 

sphenoorbitalis,  515 

spheuomaxiUHris.  515 

sphenopharyngea,  515 

syncipi talis,  515 

umbilical,  520 
Herpes  tonsurans,  41,  685 
Herpetomoiias  lewist,  605 
Herpetosoma,  695 
lleterakis,  736 

Heterotopous  tissue-groift  ths,  4S5 
Hexamitus  duodenalis,  692 
Histoid  tumors,  372 
liug-choleia.  66S 


Holorachischisis,  508 

Holoschisis,  280 

Homo  delinquens,  50,  55 

sapiens,  51 
Hook-worm,  737 
Horn,  cutaneous,  264,  441 
Honiv  warts,  264,  441 
Horse-Qies  (Tabanid«),  753 
Humerus,  osteochondroma  of,  397 
Himterian  induration.  642 
Hyalin,  connective-tissue,  222 

epithelial,  209 

exudative,  225 
Hyaline  cartilage,  reproduction  of,  293 
Hyaline  degeneration,  222 

of  connective  tissue,  222 

of  connective  tissue  of  heart ,  223 

of   connective  tissue   of  vesseI-w«IL 
223 
Hyaline  exudations,  225 

products   of   connective-tissue    cells. 
224 

thrombi,  225 

tissue-necrosis,  225 
Hydatid  mole.  465 
Hydatids,  727 
Hydrencephalocele,  514 
Hydrocele  colli  congenita,  519 
Hydrocyanic-acid  poisoning,  25 
Hydrogen-sulphide  poisoning,  25,  26,  76 
HydrcHneningocele,  510 
Hydromyelocele,  510 
Hydropic  degeneration,  192 
Hydrops,  151 

acuposus,  156 

chyliformis,  156 

chylosus,  156 
Hydroracfais,  508 
Hydrothorax  chylosus,  166 
Hygroma  colli  congenitum,  405 
Hyoecyamine,  poisoning  by,  28 
Hypenemia,  active,  130,  131 

local,  130,  131 

passive,  131 

venous,  ^neral,  125,  131 
Hyperkeratosis,  213 
Hypermastia,  534 
Hyperonychia,  264 
Hyperostosis,  367 
HyperparathyreosftB,  85 
Hyperplasia,  262,  285,  367,  369 
Hyperpyrexia,  91 
Hypersusceptibility,  122 
Hsrperthelia,  534 
Hyperthyreosis,  85 
Hypertrichosis,  264 
Hypertrophy,  262 

ecxnpensatory,  127,  268 

due  to  lessened  use,  268 

due  to  non-resolution,  268 

due  to  over-work,  7,  267 

due  to  removal  of  pressure,  269 

inflammatory,  269 

of  a  muscle  or  gland,  7,  447 

of  the  tissues  and  organs,  262.  2ti5, 
267 
Hypha,  40,  678 
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Hyphomycetes,  550,  677 
Hypochondria,  18 
Hypoderma  bo\n8,  754 

diana.  754 
Hypophysis,  85 
Hypoplasia,  180 
Hyposarca,  151 
Hypospadias,  523 
Hypostasis,  133 

post-mortem,  132,  160 
Hypostatic  congestion,  133 
Hysteria,  18 

Ichthyosis,  263 

congenita,  263,  264 

hystrix,  264 
Ichthyotic  warts,  264,  440,  441 
Ichthyotoxin,  20 
Ictenis,  251 

neonatorum,  251 
Idiosyncrasy,  46 
Immune-body,  119 
Immune-sera,  119 
Immunity,  44,  45,  99 

acc^iiiring  of,  111,  118 

active,  113 

against  poisons,  99,  1 18 

Ehrlicli's  theory  of,  1 18 
Immimization,  active  and  passive,  113 
Implantation,  309,  312,  486,  496 

bigerminal,  496 

monogerminal,  496 
Inactivity,  effects  of,  7 
Inclusio  loetalis,  547 
Indolent  ulcers,  368 
Induration,  Hunt«rian,  642 
Infarct,  anaemic,  163 

embolic,  164 

}i2Bmorrhagic,  158,  163 

healing  of,  164,  362 
Infection,  30,  39,  559 

by  means  of  animal  parasites,  42 

cryptogenic,  37,  573,  580 

double,  38,  559 

liosmatogenous,  36,  37 

insects  as  conveyers  of,  43 

intra-uterine,  37,  559 

lymphogenous,  36,  37 

metastatic,  36,  37 

mixed,  38 

origin  of  disease  through,  30 

protection  against,  100,  111 

secondaiy,  38,  559,  635 

spread  of,  by  mosquitos.  44,  712,  75;^ 

spread  of,  from  mother  to  fcetus,  37, 
61,  559 
Infectious  diseases,  30 

lieaUng  of,  108 

inheritance  of,  37,  61 

local,  35 
Infectious  foci,  metastatic,  36 
Infiltration,  326 

growth  of  tumors  by,  380 

purulent,  340 

serous,  331 

small-cclJed,  339 
Infiltrations  of  the  tissues,  167.  326 

49 


Infiltrative  mode   of  growth  of  carcino- 

mata,  480 
Inflammation,  319 

catarrhal,  331,  340 

chronic,  365 

clinical  significance  of  the  term,  323 

croupous,  333 

different  forms  of,  331 

diphtheritic,  344 

excretory,  320 

fibrinous,  332 

interstitial,  328 

metastatic,  320 

necrotic,  343 

parenchymatous,  329 

purulent,  340 

superficial,  329 

suppurative,  340 

termination  of,  345,  347 
Influenza-bacillus,  607 
Infusoria,  715 
Inheritance  of  pathological   peculiarities, 

48 
Initial  sclerosis,  642 
Injection  of  sterilized  cultures.  1 12 
Innervation,  disturbances  of,   16,   17,   77, 

129 
Inoculation,  111 
Inoculation  of  attenuated  specific  diseasf- 

germs.  111 
Insanity,  inherited,  50,  54 
Insecta,  752 
Insects.  43,  752 
Insolation,  8 

Insusceptibility  to  poisons,  40 
Intermediate  body,  119 
Intermittent  fever,  92 
Internal  secretion,  79 

secretion,  disturbances  of.  75,  79 
Interstitial  inflammation,  328 
Intestinal  intoxications,  35 

mucous  membrane,  adenoma-like  ]>ro- 
jection  of,  487 
Intestine,    abnormal    positions    of,    520, 
530 

tubular  adenoma  of,  444 
Intoxication,  bacterial,  35 
Intoxication,  origin  of  diseases  through. 

18,  75 
Invasion-disease,  45 
Inversio  intestini,  521 

vesicae  urinariie,  521 
lodothyrin,  84 
Iron,  assimilation  of,  249 

content  of  foods,  6 

deprjsit,  256 

insufficiency  of,  6 

reaction,  244 
Iron-free  pigments,  243,  249 
Irradiation,  10,  14 
Ischsemia,  localizeil,  133 
Ischiopagus,  541 
Isolysm,  120 
Isotricha  prostoma,  715 
Isthmus,  the,  of  aorta,  127 
Itch-mite,  748 
Ixodes  ricinus,  750 
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jAHicBn,  643 

Janiu-bead,  543 

JarriDgB  of  the  uterus  hb  a  cauae  <4  mal- 

fommtioiui  of  the  embryo,  499 
Jaundioe,  251 
Jaw,  actinomvcosiB  of  upper,  662 

E'aQt-ceU  sarcoma  of,  424 
wer,  abaence  of,  518 

Kakeblaken,  257 

Kakk^,  19 

KAla^az^r,  698 

Karyokinesifl,  280 

KaryolysiB,  171 

Karyomitosis,  280 

Karyorrbexis,  171 

Kedani  disease,  751 

Keloid,  387 

Kephir,  588 

Kephir-ferment,  588 

Keratin,  212 

Keratoh^alin,  212 

Keratosis  foUicularis,  705 

Kidney,  amyloid  degeneration  of,  218 

arteriosclerotic  atrophy  of  the,  188 

cloudy  swelling  of,  191 

compensatory  nypertrophy  of,  287 

contracted,  370 

cystoma  of,  450 

deposits  of  fibrin  in  the,  33*^ 

senile  atrophy  of,  188 

streptococcus  infection  of,  572 
Kinetoses,  18 
Klasmatocytes,  299 
Kribbelkrankheit,  23 
Krumelzellen,  354 
Krystallwulst.  307 

Labia  majora  and  minora,  defective  de- 
velopment of,  524 
Labium  leporinum,  517 
Lamblia  intestinalis,  692 
Lardaceous  degeneration,  214 

spleen,  214 
Larynx,  papillary  epithelioma  of,  441 

syphilitic  ulceration  of  the,  647 
Latency  of  disease,  1 
Lead,  deposit  of,  256 
Lead-poisoning,  23 
Leiomyoma,  409 
Leishmani  donovani,  699 

infantum,  699 

wrighti,  699 
Lens,  regeneration  of,  307 
Lentigines,  236,  409 
Leontiasis  ossea,  265,  532 

leprosa,  651 
Lepra  (or  leprosy ),  649 

ansesthetica,  653 

maculosa,  753 

mutilans,  653 

nervorum,  652 

nodosa,  652 

tuberosa  sive  tuberculosa.  652 

ulcerosa,  652 
Leprosy,  649 

white,  of  the  Jews,  258 


Leptothrix,  540 
L^tus  autumnalJB,  750,  752 
Leucocytes,  106,  110,  298,  321.  11^.  350. 
351 

emigration  of,  321,  324 

marginal  dispoatkm  of,  3i?l 

new-fonnatioD  of,  298 

varieties  of,  298 
Leucocjrthaemia,  298 
Leucocytosis,  298 
Leucoderma,  258 
Leuconostdc  mesentericndes,  564 
Leucopathia  acquisita,  257 

congenita,  257 
Leucotrichia,  257 
Leukemia,  298,  682 
Leydenia  gemmipara,  690 
Lice,  752 

Life-trophoblasts  or  biophores.  60 
Light,  effects  of,  10,  14 

influence   of,   upon   development   oi 
bacteria,  551 

ultraviolet,  10 

violet,  10 
Lightning  figures,  15 
Lightning-stroke,  14 
Lime-salts,  deposit  of,  226 
linguatulidffi,  748 
Lip,  carcinoma  of,  461 

malformations  of,  517 
Lipochrome,  238,  240 
Lipofibroma,  389 
Lipoma,  389 
Lipomatosis,  49,  194 
Lipomyxoma,  389 
Liouefaction-necrosis,  176 
Litnocelyphopsedion,  507 
Lithooelyphoe,  507 
Lithopsedion,  506 
Liver,  abscess  of,  690 

amyloid  degeneration  of,  215,  217 

angioma  cavemosum  of,  399 

chronic  inflammation  of,  370 

cirrhosis  of,  370 

coGcidia  disease  of,  701 

corset,  189 

cystoma  of,  449 

foamy,  605 

Kumma  of,  646 

hypertrophy  of,  287 

mmtiloctilar  adenocystoma  of.  4.iO 
Liver-fluke,  716 
Livores,  132,  169 
Ludlia  macdUaria,  753,  754 
Lungs,  actinomycosis  of  the,  661 

fibrinous  exudates  in  the,  337 

induration  of,  367 

mould-fungi  in  the,  679 

red  hepatization  of  the,  337 

syphihtic  disease  of  the,  648 

tuberculosis  c^  the,  617,  619. 628.  t^'I^. 
631,632 
Lupus  of  the  skin,  626 
Ligations,  congenital,  529 
Lymph,  antibacterial  properties  of,  102 

formation  of,  151 

hindrance  to  flow  of,  154 
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L«ymphadenold  tiasuc,  reproduction  of,  295 
LymphflBmia,  298,  436 
Ljnnphaiigioendothelioma,  425 
Lymphangioina,  404 

cavemosum,  404 

cystoides,  404 
*  hypertrophicum,  405 

simplex,  404 
Lymphangioearcoma,  425 
Lymphangoitifl,  37 
Lymphatic  constitution,  89 
Lymph-fistula,  166  ^ 

Lymph-glands,  action  of,  as  filters,  102 
Lymphocytes,  322,  350,  351 
Lymphorrhagia,  165 
Lymphosarcoma,  421,  436 
Lynaph-vessels,  new-formation,  290 
Lysis,  in  fever,  92 
Lysogenous  substance  of  Fr&nkel.  109 

Macrocheiua,  405 
Macrogamete,  704,  710 
Hacroglossia,  405 
Macrostomia,  518 
Madura  disease  or  Madura  foot,  665 
Maidismus,  41 
Malanders,  751 
Malaria,  707 

forms  of,  708 

in  animals,  711 

pigment  in,  249 

Plasmodia  of,  708 

the  cause  of,  706 
Malformations,  498 

congenital,  498 

etioio^,  499 

varieties,  503 
Maliasmus,  654 
Malignant  cedema,  604 

tumors,  384 
Mallein,  656 
Malleus,  654 
Mai  perforant,  179 
Mammary^  gland,  adenoma  of,  445 

carcinoma  of,  470,  471,  472 

endothelioma  of,  426 

intracanalicular  fibroma  of,  447 

mucous  carcinoma  of,  473,  474 

papillary  cystocarcinoma  of,  464 

pabillary  cystoma  of,  454 

tubular  adenoma  of,  464 
Marasmic  thrombi,  145 
Marasmus,  8,  165 
Margarin  crystals^  203 
Marginal  disposition  of  leucocytes,  321 
Mast-cells,  225,  354 
Masti^ophora,  691 

Mastoid  antrum,  cholesteatomata  In,  443 
Measles  of  tsniie,  721,  724 

of  trichina,  745 
Meat-poisoning,  19,  35,  587,  600 
Meckel's  diverticulum,  521 
Mediastinal  dermoids,  486 
Medullary  cancer,  472 
Megastoma  entericum,  692 

intestinale,  692 
Meispna  neonatorum,  160 


Melanin,  238,  240 
Melanomata,  405 
Melanosarcomata,  433 
Melanosis  of  internal  organs,  241 
Melasma  suprarenale,  87 
Membrane,  py^ogenetic,  364 
Meningitis,  epidemic  cerebrospinal,  577 
Meningocele,  509,  514 
Meningococcus,  577 
Meningo-enoephalitis  83rphilitica,  644 
Meningo-enecphalocele,  514 
Menorrhagia.  158 
Merismojpidia,  549,  550,  563 
Merorachischisis,  508 
Merozoites,  701,  704 
Mesodermal  epithelial  cysts,  486 
Metabolism,  bacterial,  556 
MetaglobuUn,  142 
Metakinesis,  281,  282 
Metamorphosis,  viscous,  140 
Metaplasia,  epithelial,  318,  583 

of  the  tissues,  314 
Metastasis,  64 

direct,  65 

formation  of,  in  carcinomata,  457 

hematogenous,  64 

in  tuberculosis,  632 

Ijrmphogenous,  64 

of  dust,  65 

of  parasites,  69 

of  parenchymatous  cells,  67 

of  pigment,  69,  70,  242,  245 

of  placental  cells,  67 

of  soluble  substances,  69 

paradoxical,  65 

retrograde,  65 
Metastatic  daughter-tumora,  68,  380 

infectious  foci,  69 

inflammations,  64 
Methsmoglobin,  246 

the  formation  of,  26 
Methiemoglobinuria,  246 
Methyl  ffuanidin,  33 
Metrorrhagia,  158 
Miasm,  dennition  of,  30 
Miasmatic-contagious    disease,    definition 

of,  30 
Miasms  and  contagions,  boundary-line  be- 
tween, 31 
Micrenoephalon,  50,  182 
Micrencephalus,  182,  514 
Microbacteria,  549 
Microbrachius,  525 
Microcephalus,  182,  514 
Micrococci,  549,  563 
Micrococcus  ascoformans,  585 

aurantiacus,  564 

botryogenes,  585 

C3raneus,  564 

gonorrhoesp,  582 

hflematodes,  564 

in  menii^tis,  577 

in  mycofibroma,  585 

in  mycosis  of  parrots,  585 

in  pseudotuberculosis  of  guinea-pigs, 
585 

luteus,  564 
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Micrococcus  of  foot-and-mouth    disease, 

of  htemoelobinuria  uf  cattle,  585 

of  lung-msease  of  horses,  585 

of  strangles,  585 

pathogenic,  564,  565 

pyogenes,  578,  584 

tetragenus,  564 

tetragenus  of  udder-<lisease,  585 

ureffi,  564 

violaoeus,  564 

viscosus,  564 

xantogenicus,  614 
Microgamete,  705,  710 
Microgametocyte,  704,  710 
Microgyria,  182 
Micromelus,  525 
Micromyelia,  50 
Microproteins,  34 
Micropus,  525 
Microsomia,  506 
Microsporon  furfiur,  686 

mmutissimimi,  686 
Microtomia,  518 
Miescher,  sacs  of,  703 
Miliary  tubercles,  618,  625,  633 

tuberculosis,  hematogenous,  633 
Milk  from  tuberculous  cows,  638 
Mineral  poisons,  19 
Miracidium,  716 
Missed  labor,  507 
Mites,  748,  751 
Mitosis,  280 
Mole,  405 

fleshy,  406 

hairy,  405 

hydatid,  465 

pigmented,  239,  405 
Moller's  or  Barlow's  disease,  160 
Molluscum  bodies,  703 
Monilia  Candida,  681 
Monobradiius,  525 
Monocercomonas  hominis,  692 
Monogerminal  tissue-implantation,  496 
Monomorphous  bacteria,  538 
Monopus,  525 
Monsters,  498 

double,  504,  539 

single,  506 

triple,  540 
Morbus  Addisonii,  87,  231 

maculosus  Werlhofii,  160 
Morga^,  hydatid  of,  538 
Morphine,  poisoning  by,  28 
Morphcea  nigra  et  alba,  653 
Mosquitos,  agency  of,  in  spreading  certain 

diseases,  44,  712,  753 
Mother-star,  280,  282 
Mould-fungi,  40,  678 
Moulds,  677,  685 
Mouth,  develoi)ment  of,  519 

malformations  of,  518 
Mucins,  the,  208 
Mucor  corynibifer,  680,  682 

pualluB,  682 

ramosus,  682 

rhizopodiformis,  682 


Mucous  degeneration,  207 

membranes,  carcinoma  of,  461 
membranes,  papillary  epitheliomata 

of,  441 
tissue,  reproduction  of,  295 

Miiller's  duct,  538 

Multiple  fibromata  of  the  skin,  5.'^,  417 

Mummification,  178 

Musca  anthropophaga,  754 
vomitoria,  754 

MuBcardine  in  silkworms,  687 

Muscarin,  poisoning  by,  29 

Muscidsp,  754 

Muscle,  atrophy  of,  187 

heart,  hypertrophy  of,  267 
heart,  new-formation  of,  302 
in  dermoid  cysts,  491 
non-striat«d,  hypertrophy  (rf,  302 
non-striated,  new-formation  of.  302 
striated,  hypertrophy  of,  302 
striated,  new-formation  of,  300 
waxy  degeneration  of,  175 

Muscle-trichina,  744 

Muscles,  cadaveric  stiffem'ng  of,  169 
supernumerary,  534 

Muscular  system,  pathological  changes  io 
the,  50 

Mussel  poisoning,  20 

Mycelium,  678 

Mycetoma,  665 

Mycobacterium  tuberculosis,  621 

Mycoderma  albicans,  681 

Mycodermoid,  585 

Mycofibroma,  585 

Mycoprotein,  550 

Mycosis  of  alimentary  tract,  679 
of  respiratory  tract,  679,  680 
of  skin,  685 
versicolor,  686 

Mycosozin,  104 

Myelspmia,  298 

Myelocele,  510 

Myelocystocele,  509 

Myelocystomeningocele,  510 

Myelocysts,  487 

Myeloma,  422 

Myelomeningocele,  509 

Myiasis,  754 

Myofibroma,  411 

Myoma,  409 

kevocellulare,  409 
striocellulare,  411 

Myosarcoma,  412 

Myositis  ossificans,  50,  397 

Myxoangiosarcoma,  437 

Mjrxcedema,  83 

Myxofibroma,  387 

Myxolipoma,  387 

Myxoma,  387 

Myxosarcoma,  387,  424 

Navus  flammeus,  39^) 
lymphaticus,  405 
pigmentosuB,  405 
pilosus,  405 
prominens,  400.  405 
spilus,  405 
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NsRvus  vasculosus,  399.  400 

verrucosus,  400,  40.3 

\'iiio8U8,  399 
Nagana,  697 
NauoHomia,  506 

Nasal  mucous  membrane,   lymphosarco- 
ma of,  421 
Navel  stone,  234 
Nccator  americanus,  738 
Neck,  malformations  of,  517 
Necrobiosis,  172,  175 
Nocroais,  170 

antemic,  172 

cheesy,  17o 

coa^lation,  174 

colliquation,  176 

decubital,  173,  179 

direct,  172 

indirect,  172 

liquefaction,  176 

marasmic,  173 

mummifying,  178 

neuropathic,  173,  179 

sequeue  of,  173 

senile,  179 

thermal,  171,  179 
Negri  bodies,  705 
Xemathelminthes,  734 
Nematoda,  42,  734 
Nematodium  ovis  pulmonalis,  740 
Neoplasm,  371 
Nerve-  and  heart-poisons,  27 
Nerve  elements,  new-formation  of,  303 
Nerve-fibres,   peripheral,   new   fonnation 
of,  304,  307 

peripheral,  pathological  changes  in, 
51 
Nerves,  fibromata  of,  417 

fibromatosis  of,  51,  417 

leprosy  of,  652 

regeneration  of,  305 
Nervous    system,     central,     pathological 

changes  in  the,  50 
Neurasthenia,  18 
Xeuridin,  33,  38,  557 
Neurin,  33,  38,  557 
Neuroepithelioma,  415 
Nourofibioma,  417 
Neuroglia,  hypertrophic  growth  of,  304 

regenerative  growth  of,  304 
Neuroglioma  ganglionare,  414 
Neuroma,  416 

amputation,  306,  410 

amyelinicum,  418 

cirsoid,  417 

ganglion  cellulare  verum,  418 

myelinicum,  417 

plexiforme,  417 

verum,  418 
Neuropathic  atrophy,  189 

gangrene,  179 

necroeis,  173 
Neuroses,  traumatic,  17 
Neiu^tization,  306 
Nicotine,  poisoning  by,  29 
Nitrate-of-silver  poisoning,  23 
Nitrobacteria.  557 


Nitrogenous  nourishment,  importance  (if,  5 
Nitrous  oxide,  poisoning  by,  28 
Nodes,  gouty,  232 
Normal  serum.  115 
Nuclear  contents,  280 

framework,  278,  280 
Nuclear  division,  asymmetrical,  282 

atypical,  282 

direct,  276,  280 

indirect,  283 

pluripolar,  282 

segments,  280 

spindle,  281 
Nuclemic  acid,  105 
Nucleus,  composition  of  the,  280 
Nutrition,  retrograde  disturbances  of,  167 
Nyktotherus  faba,  715 

Obesity,  49,  194 

diabetogenous,  80 
Obligate  anaerobes,  551 
Obturating  thrombus,  145 
Ochronosis  of  cartilage,  241 
Odontoma,  394 
(Edema  and  dropsy,  151 

cachectic,  155 

collateral,  155 

due  to  arterial  congestion,  154 

due  to  obstruction  of  thoracic  d\ict, 
154 

ex  vacuo,  156 

hydrsemic,  155 

iimammatory,  155,  :i31 

malignant,  604 

purulent,  341 

sta^ation,  154 

vaneties  of,  164 
(Esophagus,  growth  of  thrush  upon  the, 

679 
(Estridie,  753 
(Estrus  bovis,  754 

ovis,  754 
Oldium  albicans,  681 

coccidioides,  682 
Oidiomycosis,  41,  682 
Olein,  203 

Oligomorphous  bact«ria,  549 
Omentum,  tuberculosis  of,  618 
Omphalocele,  520 
Omphalomesenteric  cyst,  522 

duct,  521 
Omphalopagus,  547 
Oncosphsera,  73^i 
Onychogryphosis,  264 
Onychomycosis  favosa,  685 

trichophjrtina.  686 
Oacyst,  701,  704,  710 
ookinete,  710 
Oophorin,  89      . 
Opnryoscolex  caudatus,  715 
Opium  and  morphine,  poisoning  by.  28 
(J)p8onic  index,  106 
Opsonins,  105 

Organization  of  thrombi,  148 
Ogans,  weight  of,  266 

volume  of,  266 
Ossification,  229 
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OiiU*oarthropAthio  liypertropliiantc*,  270 

(MUHjchondroma,  393*  396 
<)Kteofilm>ma.  396 
OMt<*oid  Harcoma,  4^^ 

fif  ethmoid,  43.'i 

traheculv,  437 
()f(tooma.  394 

dental,  394 

diMconnected,  394 

tlurum  neu  ebumeuin,  394 

hetenmlantic.  394 

medullare,  394 

panwteal,  394 

it|>onKioAUin,  394 
Osteomyelitifi,  569 
Ogteophyte,  394 
()iit4H>poroMH,  185. 
Oflteoaarroina,  436 
Ovary,  adenocystoma  of,  451 

cyntoma  ch,  451 

dermoid  cy«t«  of,  490 

multilocular  adenocystoma  of,  449 

papillary  cystadcnoma  of,  451,  453 

papillary  cystocareinoma  of,  479 

papillary  epithelioma,  440.  442 

teratomata  of,  492 

transplantation  of,  312 
Over-exertion,  7 
Over-heating,  8 

Overwork,  hypertrophy  from.  7.  260 
Oxidation,  intra-on^nic,  93,  95 
Oxygen,  effects  of  a  diminution  in  the 
supply  of,  4 

influence   of,    upon   development   «»f 
bacteria,  551 
Oxyuris  vermicularis.  736 

Pachyakria,  270 

Packet-shaped  coed.  549,  563 

Paget 's  disease,  705 

Palate,  malfomuitions  of,  517 

l^almitin,  203 

Pancreas,  cyst  of  the.  250 

diabetes  after  extirpation  of,  80 
Papillary  adenomata,  446 

conversion  of,  into  a  carcuibma.  464 

cystomata.  448 

epitheliomata,  440 
Papilloma,  385 
IHiracholia,  ?S2 

nervous,  252 
Paradoxical  embolism,  65 
l^arakeratosis.  208 
Paralysins,  109 
Paramecium  coli,  715 
Paramucin,  208 
Parapedesis,  253 

Parasite  (in  the  case  of  tv^inK).  545 
Parasites,  30,  31 

animal.  689 

ectogenous,  31 

endogenous,  31 

formation  <rf  cysts  by.  i*tH) 

metastasis  of,  69 
Parasitic  diseases,  30 

infection,  30,  31 


Parasitic  arthropoda,  43 

protozoa,  42 

worms.  42 
Parasitism,  origin  of  disease  thnMigh,  9i. 

33 
Paratyphoid  bacteria.  597 

fever,  597,  600 
Parenchymatous  cells,  embolism  of.  68 

degeneration,  190 

in&mmation,  329 
Parietal  thrombus,  145 
Paroeteal  osteomata,  394 
Parotid  gland,  angiosarcoma  of.  4:}l 

chondrofibroma  of,  431 

chondromy^osarccMna  of.  392 

myxoangiosarcoma  of,  437 
Parrots,  m^rcosb  of,  585 
Pathogenesis,  1 

Pathology  and  pathological  anatomy,  the. 
1 

chemical,  2 

clinical,  2 

general,  definition  of.  2 

physiological,  1 

problems  of,  1 
Pearl  disease,  615,  637 

tumors,  442 
Pearls,  epithelial,  213.  442.  470 
Pediculus  capitis,  752 

pubis,  752 

vestimentonun,  752 
Pella^,  19,  41 
Penicdiium  glaucum,  41 
Penis,  duplication  c^,  534 

stunting  of.  5!^ 
Pentastoma,  43,  748 

denticulatum.  751 

tienioidcs.  751 
Peptotoxin,  557 
Peribronchitis.  339 
Peripheral   ner\'es.    pathological  cfaaoice^ 

in,  51 
Perithecia,  683 
Perithelioma,  431 

Peritoneum,  cystic  lymphangioma  of,  405 
PeritrichouB  flagella.'  603 
Perlsucht,  615,  637 
PemidouB  malaria,  709 
Pemiones,  9 
Perobrachius,  525 
Perochinis,  528 
PerodactyUsm,  528 
Feromelus,  525 
PeropuB,  525,  528 
Perturbatio  critica,  92 
Pes  calcaneus,  530 

equinovarus,  529 

valgus,  530 
PC8t,  612 

bacillus,  612 
Pestilence,  definition  of.  32 
Petechia,  158 
Petrifaction,  226,  507 

in  carcinomata.  476 
Petrifying  sarcoma.  437 
Phagocytes,  98.  101.  346.  352 
Phagocytosis,  97.  101.  346.  317 
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Phallin,  poisoning  bv,  26 
Phimosis,  hypertrophic,  t524 
PhleboUths,  147,  234 
Phlegmon,  341 

wooden,  573 
Phloridzin  diabetes,  81 
Phocomelus,  525 
Phosphorescent  phenomena,  558 
Phosphorus  poisoning,  23 
Phthirius  inguinalis,  752 
Physalides,  475 
Physiology,  pathological,  1 
Pia  mater,  cnolesteatomata  of  the,  443 
Picric  acid,  poisoning  by,  26 
Pigeon-diphtheria,  669 
Pigment,  autochthonous,  238 

extrinsic,  255 

hsmato^nous,  242 

metastasis  of,  69 

pathological  absence  of,  257 

pathological  formation  of,  238 
Pigment-atrophy,  185 
Pigment-carrying  cells,  244,  245 
Pigmented  mole,  239,  4a5 

warts,  239,  405 
Pin  worm,  736 
Piroplasma  bi^eminum,  712 
Pirquet's  reaction,  622 
Pithead  tapeworm,  732 
Pityriasis,  686 

versicolor,  41,  686 
Placental  cells,  embolism  of,  67 

infections,  intro-uterinc,  61,  552 

transmission  of  disease,  61 

\i\h,   carcinomatous  transformation, 
465 
Plague,  bubonic,  612 
Plasma-cells,  298,  354 
Plasmodiophora  brassies,  458 
Plasmodium  immaculatum,  708 

malaris,  707 

prsecox,  708,709 

vivax,  708,  709 
Plasmolysis,  136,  171 
Plasmorrhexis,  136,  171 
Plasmoschisis,  136,  171 
Plate-cultures,  561 
Platyhelminthes,  716 
Plerocercoid,  733 
Plethora,  127 

Pleura,  endothelioma  of,  427 
Pleuritis,  fibrinous,  335 
Pleuropneumonia,   contagious,   of  cattle, 
585,  670 

immunization  against,  1 13 
Plexiform  neuroma,  417 
Plimraer's  bodies,  458 
Plugs,  epithelial,  in  cancer  of  the  skin,  460 
Pluri polar  division,  282 
Pneumococcus,  575 
Pneumonia,  croupous,  337,  575,  606 

infectious,  ot  cattle,  685 

of  horses,  585 
Pneimiotoxin,  577 
Pointed  condylomata,  367,  442 
Poisoning,  definition  of.  19 
Poisons,  animal,  22 


Poisons,  bacterial,  33,  39 

caustic,  22 

classification  of,  22 

different  sources  of,  19 

excretion  of,  98 

neutralization  of,  98 

protection  against,  98 

vegetable,  22 

vobtile,  23 
Poison-theory  of  immunity,  112 
Polar  field,  280 

corpuscles,  90,  278 
Potiosis.  257 
Pollen-diseases,  46 
PolybUists,  299,  352 
Polydact^lism,  532 
Polymastia,  534 
Polymelos,  545 
Polymitus,  710 

Polymorphism  of  cancer-cells,  457 
Polymorphous  bacteria,  550,  588 
Pol3rpi,  hairy,  495 

valvular,  145 
Polythelia,  534 
Polyuria,  53,  79,  80 
Porokeratosis,  213 
Post-niortem  hypostasis,  131,  169 
Potassium-chlorate  poisoning,  25,  26 
Potassium-cyanide  poisoning,  25 
Precipitin-reaction,  121 
Precipitins,  109,  120 
Predisposition,  acquired,  44 

congenital,  44 

due  to  age,  47 

due  to  race,  48 

due  to  sex,  48 

local,  45 

natural,  47 

special,  46 

temporary,  45 
Prepuce,  absence  of,  524 

hypertrophy  of,  524 

shortness  of,  524 
Pressure  atrophy,  188 

continuous,  effects  of,  16,  188 
ProglottiJes,  721 
Prouferation,  causes  of,  277 

inflammatory,  350 

phenomena  oi,  323,  347 
Prosoposchisis,  517 
Prosopothoracopagus,  544 
Prostatic  calcuh,  211 

concretions,  211 
Protective  mechanisms,  natiual,  97 
Proteins,  bacterial,  33,  39,  557 
Proteosoma,  712 
Proteus  vulgaris.  587 
Prothrombin.  137,  142 
Protophyte,  d49 
Protoplasm,  282 
Prototoxin,  610 
Protozoa,  parasitic,  42,  44,  689 
Psammomata,  437 
Pseudalius  capillaris,  639 

ovis  pulmonalis,  740 
Pseudodiphtheria  bacilli,  610 
Pseudohermaphrodismus,  535 
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Paeudoinelanosis,  245 
Pseudomucin,  20iS 
Pseudotuberculosis,  638 

afipergillina,  638,  683 

cladotrichica,  638,  665 

due  to  animal  parasites,  638 

due  to  bacteria,  638 

due  to  foreign  bodies,  638 

due  to  hjrphomycetes,  638,  087 

vermian,  630 
Psorospermose  foiliculaire  v6R«^tante,  705 
Psychoneurosis,  17 
Ptomaltns,  19,  38,  557 

toxic,  38,  557 
Puberty,  precocious,  266 
Pulegon,  poisoning  by,  23 
Pulex  irritans,  753 

penetrans,  or  sand  flea,  753 
Pulmonary  circulation,  increase  of  resist- 
ance in,  129 
Pulse,  acceleration  of,  127 

venous,  126 
Puriform  softening,  147 
Purpura,  159 

hasmorrhagica,  160 

rheumatica,  160 

simplex,  160 
Pus,  339,  363 

inspissated,  calcification  of,  364 
Pus-cocci,  579 
Pus-corpuscles,  339 
Pustule,  340 
Putrefaction,  33,  38,  557 

alkaloids,  33,  38,  557 

zymoids,  38 
Putresdn,  33,  38,  557 
Putrid  gangrene,  178 
PyiBmia,  37,  572,  580 
Pyelonephritis  of  cattle,  669 
Pygop^us,  541 
Pyknosis,  171 
Pyocyanin,  602 
I^osepthiemia,  572 
I^oseptica^mia,  37,  572,  580 

Quinine,  poisoning  by,  29 

Rabies,  cause,  705 

protective  inoculations  against,  114 
Race,  predisposition  of,  48 
Rachioele,  509 
Rachipa^ps,  544 
Rachischisis,  partial,  508 

total,  508 
Radioactivity,  effects  of,  1 1 
Radium,  12 

Ra^-sorters'  disease,  592 
Rainey's  bodies,  703 
Ray-figures,  281 
Ray-fungus,  659 
Rays,  Becquerel,  11 

red  and  yellow,  sensitization  to,  11 

ultraviolet,  10 

violet,  10 
Reoeptaculum  scolicis,  724 
Receptors,  118 
Rectum,  cancer  of.  460 


Ueciurent  fever,  92,  675,  693 

Redisc,  or  secondary  germ-sacs,  710.  717 

Reduplications,  532,  534 

Refrigeration,  9 

Regeneration,  272,  285 

causes,  273 

of  degenerated  tissue,  347 

partial,  274 
Regenerative  capacity  of  tissues.  276 
Re&psing  fever,  92,  675,  693 
Remittent  fever,  92 
Repair  by  first  and  by  second  intention. 

357 
Respiratory  apparatus,    aspeigillus    mv- 

coses  of,  682 
Restitutio  ad  integrum,  274 
Retention  cyst,  258 
Retina,  glioma  of,  415 
Retrograde  changes,  167 
Reversion,  532 
Rhabditis  stercoralis,  742 
Rhabdomyoma,  411 
Rhabdomyosarcoma,  412 
Rhexis.  159 

Rhinoscleroma,  606,  657 
Rhizopoda,  689 
Ribs,  supemumerarv,  ,i5,  534 
Rioe-water  intest inal  discharges  in  ohoiera . 

671 
Rlcin,  26 

immunity  to,  115 

poisoning  by,  26 
Rider's  bone,  397 
Rigor  mortis,  169 
Rinderpest,  inununissation,  114 
Ringworm,  686 
Roseola  svphilitica,  643 
Round-cell  sarcoma,  421,  424 
Roundworms,  734 
Rudimentaiy  twin,  492,  545 
RusseFs  bodies,  224 

SACCHAKt)MyCE8    ELLIPSOIDEUS,  678 

lithogencs,  682 

neoformans,  ^2 
Saccharomycetes,  678,  682 

disease-producing,  678 
Sacs  of  Miescher,  703 
Sago-spleen,  214 
SaHs,  caustic,  22 
Sand  flea,  or  pulex  penetrans,  753 

tumors,  437 
Santonin,  poisoning  by,  29 
Saprophytes,  35,  587 
Saprophytic  bacilli,  587 

cocci,  564 
Sardna  lutea,  564 

ventriculi,  664 
Sardnse,  549,  550,  564 
Sarcocarcinoma,  477 
Sarcocysts,  704 
Sarcoma,  419 

adeno-,  476 

angio-,  429 

alveolar,  425,  427 

cysto-.  492 

etiology  of.  420 
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Sarcoma,  fibro-,  420,  423 

dant-cell,  423 

hffimangio-,  425,  429 

large  round-celled,  422 

lymphadenoides,  421 

lymphangio-,  425 

lympho-,  421 

raecmllary,  420 

melano-,  433 

myo-,  424 

myxo-,  424 

organoid,  425 

osteo-,  416 

osteoid,  436 

petrifying,  437 

phyllodes,  453 

plexiforme,  427,  431 

polymorphous-oelled,  418,  422,  423 

rhabdomyo-,  412 

simple,  421 

small  round-celled,  421 

spindle-celled,  423 

telangiectatic,  420 

tubular,  427 
Sa^comatosis  cutis,  424 
Sarcopha^  magnifica,  754 
Sarcophilia  womfarti,  754 
Siarcoplasm,  302 
Sarcopsylla  penetrans,  753 
Sarcoptcs  hominis,  748 

minor,  751 

squamifenis,  751 
Sarcosporidia^  703 
Sausage-poisoning,  19,  35,  587,  600 
Scabies,  749 
Scald-head,  685 
Scall,  685 
Scarlet  fever,  705 
Scar-tissue,  274,  357,  363 
Schistoprosopia,  517 
Scliizogony,  701,  713 
Schizomyoetes,  549 
Schizont,  704,  713 
Scirrhus,  473 

Sclera,  regeneration  of,  307 
Scleroma  respiratorium,  657 
Sclerosis,  222 

initial,  642 

of  nerve-tissue,  304 
Scolex.  721 
Scrofula,  636 

Scrotum,  malformations  of,  524 
Scurvy,  160  -^ 
Scutula  of  favus,  685 
Sea-sickness,  18 

Sebaceous  glands  in  dermoid  cysts,  490 
Secalc  comutum,  23 
Second  intention,  repair  by,  352 
Secondary  infection,  38,  539,  6:}5 
Secretion,  internal,  79 
Segmentation,  direct,  280 

indirect,  280 
Segmented  skein,  281 
Semilunar  ganglia,   pathological  changes 

in,  87 
Sepsin,  38,  557 
Scepsis,  37 


Septiwemia,  37,  572,  580 

hipmorrhagic,  668 
Septioopysemia,  37,  572,  580 
Sequestration  of  necrosed  tissue,  173,347, 

365 
Serpiginous  ulcers,  368 
Serum,  healing,  112 

protective,  112 
Sex,  predisposition  of,  48 
Sexual  glands,  teratoid  tumors  of,  90 

removal  of,  88 
Sexual  organs,  internal,  development  of, 

538 
Shock,  erethistic  and  torpid,  17 
Shotty  eniption,  705 
Side-chains,  118 
Sideroferous  cells,  245 
Siderosis,  hematogenous,  247 
Silver,  deposit  of,  23,  69,  249 
Simple  softening,  147 
Sirenomelia,  517 
Situs  inversus,  530 

Skein-like  structure  of  the  nucleus,  280 
Skeleton,    pathological    changes    in    tlie, 

50 
Skin,  absence  of  pigment  of,  257 

cancer  of,  460 

emphysema  of,  70 

healing  of  wounds  of,  357 

leprous  nodule  of  the,  650 

lupus  of  the,  626 

melanotic  alveolar  sarcoma  of,  433 

multiple  fibromata  of  the,  53 

papillary  epithelioma  of,  441 

pathological  alterations  of,  52 

pigmentation  of,  87,  238 
Skin-transplantation,  310 
Skull-cap,  angioma  cavemosum  of,  402 
Sleeping  sickness,  697 
Smallpox,  pustule,  339 

parasites  of,  705,  707 
Smear  cultures,  561 
Smegma  bacillus,  621 
Snake  venom,  20,  23 

immunization,  115 
Soft  chancre,  614 
Special  sense,  organs  of,  new-formation  of 

the  tissues  of,  307 
Specificity  of  the  tissues,  273 
Spermin,  89 
Spermolysin,  120 
Sphacelinic  acid,  23 
Sphacelus,  179 
Sphierobacteria,  549 
Spheres,  fatty  granule,  197 
Spider  cells,  304 
Spina  bifida,  508 

anterior,  509 

cystica,  509 

lumbosacralis,  510 

occulta,  509 

posterior,  509 
Spinal  column,  pressure  atrophy  of  the, 
189 

cord,  development  of,  511 
Spindle-celled  sarcoma,  423 
Spindle,  nuclear,  281 ,  282 
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Spirilla,   or  spirillacese,  or  spirobacteria, 

549,  670 
Spirillum  amyloferum,  553 

cholene  asiaticce,  671 

deneke,  674 

of  Finkler  and  Prior,  674 

rubrum,  670 

rugula,  610 

serpens,  670 

sputigenum,  675 

tenue,  670 

tyrogenum,  675 

undma,  670 

volutans,  670 
Spirobacteria,  670 
Spirochsete,  549,  670,  694 

buccalis,  670 

carteri,  694 

denticola,  670 

duttoni,  694 

fallinarum,  693 
ochi,  694 

novi,  694 

obermeieri,  093 

pallida,  641 

plicatilis,  670 

varieties  of,  670 

ziemannl,  694 
Spironcma  pallidum,  641 
Spleen,  amyloid  degeneration  of,  214 

changes  in,  in  relapsing  fever,  693 

tissue,  reproduction  of,  295 
Splenomegaly,  infantile,  699 

tropical,  697 
Sporangia,  680, 
Spore-formation,  551,  586 
Spores,  34,  551,  703 
Sporoblasts.  701,  710,  713 
Sporocyst,  701,  704,  716 
Sporogenous  granules,  553 
Sporogony,  701,  704 
Sporozoa,  42,  701 

Sporozoites,  701,  704,  705,  710,  713 
Stab-cultures,  561 
Stadium  amphiboles,  92 

decrementi,  92 

incrementi,  91 
Staggers,  cause  of  the,  726 
Staphylococci,  549,  563,  578 
Staphylococcus  pyogenes  albiis,  581 

pyogenes  aureus,  578 

pyogenes  citreus,  581 
Stars,  281 
Starvation,  5 
Stasis  of  the  blood,  150 
Stearin,  203 

Stegomyia  fasdata,  44,  699 
Sterilized  cultures,  injection  of,  112 
StemopaguB,  543 
Stigmatization,  161 
Stomach,  carcinoma  of,  474 
Stomoxyid®,  753 
Stomoxvs  calcitrans,  697 
Stones  (concretions).  233 
Stone-cutter's  lung,  367 
Straddling  emboli,  68 
Strangles  of  horses,  585 


Streptococci,  550,  563,  565 
Streptococcus  articulorum,  573 

orevis,  573 

erysipelatis,  573 

lanceolatus,  575 

longus,  573 

meningitidis,  577 

mucosus,  573 

puerperalis,  573 

pyogenes,  565 

scanatinosus,  573 
Streptothrix  madure,  665 
Strongylides,  737 
Strongylus  armatus,  740 

bronchialis,  740 

capillaris,  740 

commutatus,  740 

duodenalis,  737 

filaria,  740 

longevaginatus,  740 

micrurus,  740 

paradoxus,  740 

pusilius,  740 

rufescens,  740 

syngamus,  740 

tetracanthus,  740 

trachealis,  740 
Strychnine,  poisoning  by,  29 
Substance,  nbrinogenic,  137 

lysogenic,  109 

zymoplastic,  138 
Sucking-mit«,  751  . 
Sucking- worms,  716 
Suffocation,  4 
Suffusion,  158 
Sugjnllations,  158 
SuI^ur-methsBmoglobin,  26 
Sunstroke,  8 

Supernumerary  oz^gans,  55.  532 
Suppuration,  causes  of,  341 
Suprarenal  cachexia,  87 

capsules,  altered  function  of,  87 
Suprarenin,  87 
Surra,  697 
Susceptibility  to  infections   at    different 

ages,  47 
Sweat-glands  in  dermoid  cysts,  490 
Swine-erysipelas,  667 

immumzation,  113 
Swine-plague,  668 
Swine;>septicsemia,  668 
Sycosis  paraaitaria,  676 
Symbiotes  equl  of  Gerlach,  751 
Synunetrical  gangrene,  179 
Symmyelia,  526 
S3miptomatic  anthrax,  666 

protective  inoculations  against,  1 13 
Sympus,  526 
Syncephalus,  542 
Syncope,  17 
Syncytiolysin,  78 
Syncytiotoxin,  78 
Syncytium,  465 
Syndactylism,  528 
Syngamus  bmnchialis.  740 

trachealis,  740 
Synophthalmus,  515 
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Synotia,  518 
Syphilides,  643 
Syphilis,  641 

hereditaiy,  646 

transmission  to  foetus,  62,  648 
Syringomyelia,  50 
Syringomyelocele,  510 

TABANIDiE,  753 

Tablet-formed  cocci,  549,  550,  563 
Tactile  irritability,  102 
Tsenia  africana,  726 

coenurus,  726 

cucumerina,  726 

ecliinococcus,  727 

dcnticulata,  726 

diminuta,  726 

elliptica,  726 

expansa,  726 

flavapuncta,  726 

mamillana,  726 

mar^nata,  726 

mediocanellata,  725 

minima,  726 

nana,  726 

perfoliata,  726 

plicata,  726 

saginata,  725 

serrata,  726 

solium,  722 
Tail,  formation  of  a,  in  the  human  being, 

534 
Talipomanus,  530 

Tapeworms,  see  also  under  Tcmia,  721 
Tarichium  megaspermum,  687 
Tartar  of  the  teeth,  233 
Tattooing  of  the  skin,  255 
Teeth  in  dermoid  cysts,  490 

supernumerary,  534 
Telangiectasia,  398 

lymphatica,  404 
Temperature,  influence  of,  upon  develop- 
ment of  bacteria,  552 
Temperatures,  high,  of  the  body,  8 

low,  of  the  body,  9 
Tendinous  spot,  360 
Teratoid  cysts,  485,  495 

tumors,  485 
T(>ratoma,  autochthonous,  496 

bigerminal,  496,  545 

coccygeal,  495,  496,  545 

complex,  490,  495 

heterochronous  and  hct^rotopous,  485 

monogerminal,  496 

of  sexual  glands,  490 

sacral,  485 

soUd,  492 
Terminal  artery,  163 
Tfssticle,  adenocystoma  of,  492 

adenomyosarcoma  of,  495 

angiosarcoma  of,  430 

congenital  adenocystoma  of,  493 

dermoid  cysts  of,  494 

ectopia  of,  531 

retention  of,  in  the  abdominal  cavity, 
531 

teratomata  of,  492 


Tetanotoxin,  603 
Tetanus,  602 

antitoxin,  112,  115,  603 
Tetanus-bacillus,  602 
Tetany,  thyreoprival,  82 
Tetracoccus,  5o3 
Texas  fever,  712 
Thallophytes,  677 

Thoracic  cavity,  faulty  closure  of,  521 
Thoracic  duct,  rupture  of,  166 
Thoracogastroschisis,  520 
Thoracopagus,  543 

parasiticus,  547 
Thoracoschisis,  521 
Threadworms,  736 
Thrombin,  137,  142 
Thrombo-artentis  purulenta,  148 
Thrombogen,  138 
ThrombokinasC;  138 
Thrombo-phlebitis  purulenta,  148 
Thrombosis,  136,  138,  144 

sequeliB  of,  146 
Thrombus,  144 

agglutination,  141 

autochthonous,  145 

formation  of,  139 

globular,  145 

induced,  145 

laminated,  139 

mixed,  139 

obturating,  145 

parietal,  145 

red,  138 

valvular,  145 

white,  139 
Thrush,  41,  679 
Thymus,  disease  of,  89 
Thyreoprival  cachexia,  82 

tetany,  82 
Thyroid,  an^osarcoma  of,  430 

extirpation  of,  82 
Thyroiodine,  84 

Tibia,  tuberculous  disease  of.  630 
Ticks,  750 
Tinea  favosa,  685 
TipulidfiB,  753 
Tissue-implantation,  bigerminal,  496 

monogerminal,  496 
Tissue-lesion,  320,  325 
Tissues,  restitution  of  the,  272 
Toes,  stunting  of,  528 
Tokelau,  687 

Toluylendiamin,  poisoning  by,  26 
Tongue,  actinomycosis  of  the,  660 
Tongue-worms,  748,  751 
Tophi,  gouty,  232 
Torula-chains,  563 
Toxalbumins,  18,  33,  39 
Toxenzymes,  19 
Toxic  substances,  19,  36 
Toxina^mia,  35 
Toxins,  33 

bacterial,  34 

intracellular,  33 
Toxoids,  39,  98 
Toxons.  39,  599 
ToxoseB.  98 
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Transmissible  pathological  conditions  and 

tendencies,  55 
Transplantation,  309 
Transportation,  retrograde,  65 
Trauma,  effects  of,  16 
Traumatic  epithelial  cy^ts,  466 

neuroses.  17 
Trematoda,  42,  716 
Treponema  pallidum,  641,  695 
Trichina  spiralis,  743 
Trichoccphalus  dispar,  743 
Tricholysin,  120 
Trichomonas  hominis,  689 

intestinalis.  44,  692 

vaginalis,  692 
Trichomycetes,  550,  665 
Trichophyton  tonsurans,  685 
Trichophytosis,  687 
Trichothecium  roseum,  680 
Trichuris  trichuria,  743 
Tritotoxin,  610 
Trombidids,  750 
Trophoblasts,  60 

Trophoneurotic  diseases  of  the  tissues,  74 
Tropical  sore,  699 
Trypanomonas,  695 
Trypanosoma  bruci,  44,  697 

equiperdum,  697 

equinum,  697 

evansi,  44,  697 

ffambiense,  44,  699 

tewisi,  695 

noctua;,  698 

theileri,  697 
Trypanosomiasis,  698 
Tsetse  disease,  677 
Tube-cocci,  549,  563 
Tubercle,  617 

solitary,  627 
Tubercles,  miliary,  625 
Tuberculin,  114,  622 
Tuberculomyces,  621 
Tuberculosis,  615 

avian,  637 

bacillus,  615 

bovine,  637 

hsematogenous  miliary.  633 

infection  with,  616 
Tumors,  371 

adenocarcinoma,  461 

adenocystoma,  448 

adenoma,  444 

adenosarcoma,  476 

angiosarcoma,  425 

benign  and  malignant.  383 

cachexia  accompanying,  384 

carcinoma,  455 

cavernous,  400 

chloromata,  435 

chondromata,  391 

chordoma,  393 

classification  of,  374 

congenital,  52 

connective-tissue,  372 

cure  of,  383 

cylindroma,  438 

cystic,  448 


Tumors,  cystocarcinoma,  478 

definition  of,  371 

dermoid  cysts,  485 

desmoid,  385 

different  varieties.  372.  385 

enchondroma,  391 

endothelioma,  425 

epithelial,  373.  375.  440 

etiology,  376 

fibroma,  385 

fibromyoma.  411 

fibrosarcoma,  423 

glioma.  413 

growth  of,  379 

by  expansion,  380 
by  intiltratiou,  380 

ha^mangiomata,  398 

histoid,  372 

homoplastic,  374 

keloid,  387 

leiomyoma.  409 

lipoma,  .389 

lymphangiomata,  398 

malignant,  384 

melanosarcomata,  433 

metastasis.  380,  384 

myofibroma.  411 

myoma,  409 

myxochondroma,  393 

myxofibroma,  387 

myxolipoma.  387,  389 

myxoma,  387 

myxosarcoma,  387,  424 

neuroepithelioma,  415 

neurofibroma,  417 

nouroglioma  ganglionare,  414 

neuroma,  416 

organoid,  420 

osteochondroma.  393.  396 

osteofibroma,  396 

osteoid  sarcoma,  436 

osteoma,  394 

papilloma,  385.440 

psammoma,  437 

recurrence  of,  ii83,  484 

retrogressive  changes  in,  382 

rhabdomyoma,  411 

sarcocarcmoma,  477 

sarcoma,  419 

secretion  in,  375 

structure  of,  372,  374 

teratoid,  374,  485 
Twin-formations,  rudimentarv.  496 
Twns,  539 

homologous,  540 
Tympanic  cavity,  cholesteatoniata  in.  44J 
Typhoid-carriers,  596 
Typhoid  fever,  bacillus  of,  594 

protective  inoculations  against  .114 

of  fowls,  669 

of  mice,  668 
Typhus  recurrens.  693 

Udder-infi-ammations,  585,  (V69 
Hcer,  340 

chronic,  3(58 

indolent.  368 
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Ulcer,  serpiginous,  368 
Ulceration,  carcinoniatoii8,458 

tuberculous,  630 
Ulcus  atonicum,  368 

callosum,  368 

elevatum  hypertrophicum,  368 

indolens.  368 

moUe,  614 
X'mbilical  hernia,  520 
Uncinaria  americana,  737 

duodenalis,  737 
I'rachus-cysts,  487 
Uraemia,  76 

Urates,  deposit  of,  in  gout.  77,  232 
Uretlira,  abnormal  narrowness  of,  524 

absence  of,  524 

atresia  of,  524 
Urethritis,  gonorrhceal,  A82 
Uric-acid  deposits,  231,  235,  237 

infarct,  235 
Urinary  calculi,  235,  237 
Urobihn,  243 
Urobilinuria,  243 
Uterus,  adenocarcinoma  of,  470 

beginning  carcinoma  of  cervix,  462 

myoma  of,  409 
XVula,  bifurcation  of,  517 

Vaccination,  IH 

Vaccines,  115 

Vaccinia,  705 

Vacuoles,  151.  171,  192,  327 

Valves,  lesions  of,  126 

Valvular  thrombus,  145 

Variation,  58 

Variola,  705 

Vascular  ncevi,  399 

system,  pathological  changes  in  tVie, 
50 

walls,  pathological  alterations  of,  320 
Vasculitis,  proliferating,  361 
Vasomotor  nerves,  irritation  or  paralvsis 

of,  129 
Vein-stones,  234 
Venous  pulsation,  126 

pulse,  126 
Veratrine,  poisoning  by,  29 
Vermes,  716 
Verruca  camea,  406 

senilis,  441 

vasculosa,  400 
Vertebne,  supernumerary,  534 
Vertebral  canal,  deficient  closure  of,  508 


Vesicles,  329,  332 
.  Vibrio  cholerae,  671 

of  MetschnikofT,  675 

rugula,  670 

serpens,  670 
Vibrion  butyrigue,  588 

septigue  of  Pasteur,  604 
Viscera,  abnormal  positions  of,  530 

duplications  of,  532 
Viscous  metamorphosis,  140 
Visual  apparatus,  pathological  conditions 

of.  52 
Vitelline  duct,  cyst  of,  522 
Vitiligo,  257 
Volatile  poisons,  23 

Wandering  cellh,  321 
Warts,  fleshy,  405 

ichthyotic,  264,  441 

senile,  441 

venereal,  269,  367 
Water,  effects  of  lack  of,  5,  6 
Weights  of  different  organs,  2()6 
Weismann,  60 
Whip-worm,  743 
White  ^ngrene,  178 
Whooping-cough,  bacillus  of,  60 
Widal-Gruber  reaction,  109,  596 
Wolffian  body,  496,  538 
Wolffian  duct,  538 
Wolf's  jaws,  517 
Wood-jack  or  wood-tick,  750 
Wonnndisease  of  the  ox,  669 
Worms,  42,  716 

parasitic,  42,  716 
Wound-diphtheritis,  344 
Wound-granulations,  347 
Wound-mfection,  45 
Wounds,  effects  of,  16 

healing    f,  356 

Xanthin  calculi,  237 
Xiphopagus,  543 

Yeast-fungi,  677 
Yellow-fever,  614,  699 

Zona  dermatica,  509 

epithelo-serosa,  509 
ZodglcBa,  550 
Zymase,  39 

Zymoid,  putrefactive,  38 
Zyinoplastic  substance,  138,  142 
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